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PART VI. 


THE RADIO TRANSMITTER. 
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DAMPING OF OSCILLATIONS. 
83. Methods of Generating Radio Frequency Current. 84. The Condenser. 85. Connections for Coi 
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PART VII. 


APPLIANCES FOR A RADIO TRANSMITTER. 
SPARK DISCHARGERS—OSCILLATION TRANSFORMERS—CONDENSERS—TRANSFORMERS. 


100. In General. 101. Spark Dischargers for Radio Telegraphy. 102. Adjustment of the Spark Note. 
7103. Oscillation Transformers. 104. Aerial Tuning Inductance. 105. The Short Wave Condenser. 
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PART VIII. 
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Receiving Tuner Type 101 (American Marconi Company). 140. The Marconi Universal Re- 
'ceiving Set (English Marconi Company). 141. Electrolytic Detector. 142. The Three Element | 
Valve Detector. 143. A Repeater Vacuum Valve Circuit. 144. The Vacuum Valve Amplifier. -` 
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crophonic Relays or Sound Intensifiers. 152. Brown Amplifying Relay. 153. Atmospheric 
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4. Magnetic Induction.—4A piece of soft iron placed in the magnetic field 
of another magnet, becomes temporarily magnetized and will have two unlike 
poles. Magnetism thus induced in a piece of soft iron is said to be due to 
magnetic induction. If, for example, the north pole of a steel bar magnet be 

E: placed near to a bar of soft iron, the end of the iron bar nearest to the magnet 
| will exhibit south magnetism and the opposite end north magnetism. It should 
be understood that magnetism can be induced in the iron. bar whether in direct 
contact with the inducing magnet or slightly separated from it but when the 
exciting magnet is removed, the induced magnetism will practically disappear. 
5. Permanent and Temporary Magnets.—Because a bar of soft iron re- 
tains its magnetism only while under the influence of a given magnetizing force 
16 is called a temporary magnet. On the other hand a piece of steel, when once 
 magnetized, retains its magnetism permanently, and thereafter is known as a 
permanent magnet. | 
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Fig. 2—Diagram Showing the Attraction and Repulsion of Magnetic Fields. 


The power of steel to resist magnetization and once in this condition to resist 
demagnetization is termed its retentivity. Steel possesses greater reten- 
tivity than iron because, as previously mentioned, soft iron becomes saturated 
with magnetism very quickly and loses it almost immediately when the inducing 
magnetic field is removed. : | 


The capabilitv of апу substance for conducting magnetic lines of force is 
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PART II. 


THE PRODUCTION OF ELECTROMOTIVE 
| __ FORCE. | 
ELECTRIC CURRENT AND CIRCUITS. 


8. ELECTRICAL CURRENT. 9. CLASSIFICATION OF CURRENTS. 
10. ELECTROMOTIVE Force. 11. CONDUCTORS AND INSULA- 
Tons. 12. PRoDUCTION OF ELECTROMOTIVE Force, 13. ELEc- 
TRICITY By Friction (STATIC ELECTRICITY). 14. ELECTRICITY 
ву CHEMICAL ACTION (PRIMARY OR SECONDARY BATTERIES). 
15. SECONDARY CELL. 16. CURRENT STRENGTH AND QUANTITY. 
17. ELECTRICAL RESISTANCE. 18. GROUPING OF ELECTRICAL 
Сз. 19. Онм'ѕ Law AND PRACTICAL APPLICATION. 
20. DIVIDED CIRCUITS. 21. ELECTRICAL Work. 22. ELECTRICAL 
HORSEPOWER. 23. DEFINITION OF ELECTRICAL Units. 24. CuR- 
RENT OUTPUT AND VOLTAGE OF VARIOUS CURRENT SOURCES. 


8. Electrical Current.—When we speak ot a current of electricity as flowin: 
through a wire or circuit we simply express in a convenient way certai 
phenomena associated therewith. We do not, in fact, know what actually trans 
pires in the transfer of electricity from point to point in a conductor. Electrician 
generally agree that а so-called “current” of electricity flows in a definite direc 
tion throughout a given circuit, but there is no direct evidence at hand to prov 
the actual existence of a "current", in the commonly accepted meaning of th 
word. The term, however, is universally adopted to designate the flow of elec 
tricity from point to point in an electrical circuit. | | 

.9. Classification of Currents.—Electrical currents are called direct if the 
flow in one direction throughout a given circuit, and alternating И they cor 
tinually reverse, flowing first in one direction and then in the other. sd 

А primary current is said to be one which flows directly from a generatin 
source. А secondary current is one induced by a primary current acting ir 
ductively.on a circuit having no direct connection with the primary circui 
A current is said to be of low tension when its pressure or voltage is геј 
tively low, and conversely, it is said to be of high tension when its pressut 
or voltage is relatively high. | | 

10. Electromotive Force.—In order to produce à steady electrical curren 
two conditions are necessary. There must be а steadily maintained electr 
pressure known as electromotive force and a suitable conducting path to pa: 
the current. | | 3 y С? 

11. Conductors and Insulators—A metallic circuit 4n which a current « 
electricity flows with little opposition is said to be a conductor; one whic 
offers considerable resistance is known as a partial conductor, but a substark 
which completely impedes the flow of current is termed an insulator. It “a 
be understood at the beginning that these terms are purely relative for an abs 


lute insulator or a perfect conductor does not exist. | ix 
Тһе best conductors of an electric current among the common metals, in order- 
their increasing resistance, are silver, copper, gold, aluminum, zinc, iron, platinum ал 
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6 | PRACTICAL WIRELESS TELEGRAPHY 


exposed terminals of these plates are joined by a metallic conductor, the cell is capable | 
supplying a continuous flow of electricity through the wire. It is observed as the curre 
flows that the zinc strip wastes away, in fact, the consumption of the zinc furnishes the electr 
motive force necessary to drive the current through the cell and through the external circu 
The chemical changes within the ceil, consisting of copper and zinc strips immersed in 
dilute solution of sulphuric acid may be briefly described as follows: When the copp 
and zinc strips are connected together by a metallic circuit and the current begins 
fiow, the sulphuric acid attacks the surface of the zinc plate and forms a compound "ESOS 
as sulphate of zinc. During the formation of this sulphate some of the hydrogen contain 
in the sulphuric acid is liberated in the form of bubbles which immediately appear оп tl 
copper plate. Some of these bubbles rise to the surface of the liquid and escape’ into su 
rounding air, but others cling to the copper plate which gradually becomes covered with 
alm of hydrogen. Since hydrogen is a non-conductor of electricity, the amount of surfa 
of the copper plate in contact with the battery solution gradually decreases as the accumul 
tion of hydrogen gas increases, and accordingly the current output of the cell diminishe 
Іп electrician's parlance the cell is now said to be “run down.” Part of this reduction | 
current is due to the fact that hydrogen tends to set up a current within the cell in tl 
opposite direction to the normal flow as well as cover the copper plate. A cell in th 
condition is said to be polarized, and various chemical and mechanical means have be 
devised to prevent the hydrogen bubbles clinging to the copper plate. ; 

An electroscope (а device for determining the presence and nature of electr 
charges) indicates a strongly negative charge at.the exposed end of the zit 
element. The zinc plate is therefore known as the negative (—) pole of tl 
cell, and the carbon or copper terminal, the positive (un pole об the cell: 

We learn from this that the action of the battery solution upon one plate mo: 


than on the other tends to keep the plates in a continuous state of electrificatio 
the stronger manifestation being exhibited at the exposed end of the zinc pla 
and it is this difference in pressure which causes the current to flow round tł 


The direction of the current inside the cell will. be from the zinc plate throug 
the solution to the carbon plate and outside the cell from the carbon plate throug 
a metallic conductor to the zinc plate. | 

The conducting fluid in which the elements of the electric cell are immerse 
is known as the electrolyte or the exciting fluid. Тһе plates and the metall 
terminals attached thereto are termed the poles or electrodes of the cell. 
number of cells connected together are known as a battery. | 

The type of cell just described is called a primary cell* to distinguish it froi 


a storage or secondary cell which will be described in detail further on. 
It has been mentioned that the electromotive force or corresponding flow of current pre 


| duced by the electrochemical cell is caused by.two dissimilar elements. The list of meta 


given below are arranged in such order that any single element will be the negative pole ‹ 
the battery when used with the metal next below it on the list, and the positive pole whe 
used with the element next above it. | 


(—) Sodium Iron 
Magnesium — Copper 
Zinc , silver 
Tin Gold 
Cadmium Platinum 
Lead Carbon (+) 


Referring to this list, although there will be a difference of potential, and consequently a flo 
of current between carbon and copper if joined together by a wire and immersed in a batter 
solution, there will be а very much greater electromotive force if carbon and zinc are employe 

15. Secondary Cell—A simple secondary cell popularly known аз 

"storage battery" consists of two or more plates of lead placed in a dilut 
solution of sulphuric acid as in Fig. 4. One of the plates in this diagram : 
connected to the positive terminal of two primary cells (connected 1n series 
and the other plate to the negative terminal. When current flows fror 
the primary battery for some time through the solution from plate to plate as i 
Fis. 5 and afterwards the wires from the primary battery are disconnected an 
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8 PRACTICAL WIRELESS TELEGRAPHY 


‘termed the coulomb. We must not confound the measure of the total quantity 
of electricity in a given circuit with its strength or rate of flow. The strength of 
an electrical current should be described as the rate of flow of electricity through 
a circuit per second of time. When one practical unit of quantity of electricity 
(one coulomb) flows every second continuously, the rate of flow or the strength 
of the current is said to be one ampere; if three unit quantities flow continuously 
every second, the strength of the current is three amperes and so on. fo 

The strength of the current in amperes will be seen to be independent of the 
length of time the current flows іп a given circuit whether it flows for a fraction of 
a second, a minute, or an hour; if the quantity of electricity that would flow in one 
second is the same in any two or more cases the current in amperes is the same. 


We may now define the coulomb as the quantity of electricity that would pass 
in one second through a given circuit in which the strength of the current 15 one 
апареге. . | | 

ТЕ а current of one ampere flows for three seconds, the quantity of electricity 
delivered is three coulombs, or if three amperes of current flow for one second, 
the quantity is also three coulombs. From this we see that the quantity ої 
electricity in coulombs 1s equal to the current strength іп amperes multiplied by 
the time it flows in seconds or, | 


Q—IXt | 
Where О = Quantity, of current in coulombs, 
-I = Current in amperes, 552240 
and t — Time іп seconds. 


Hence to find out the quantity of electricity that flows around a circuit in ten minutes 
when the strength of the current is ten amperes, we substitute the value of I and t in this 


equation and multiply or, О = 10 X 600 — 6,000 coulombs. | 
It is more convenient in electrical practice to measure the strength óf the current in 
amperes than to compute the total quantity of electricity flowing; hence, when we speak ol 


the current available from a given electrical source, we employ the unit, the ampere, whick 
indicates the rate at which it flows. | Di tet 

In electrical equations the ampere is represented by the letter I. Instrument: 
for measuring the strength of current are called ampere-meters ог ammeters. 


17. Electrical Resistance.—11 the terminals of a primary or secondary 
cell, or a battery of cells, are connected to a length of copper wire and a curren 
measuring instrument such as the ammeter, connected in series with the circuit 
a much greater reading OT deflection of the ammeter will be obtained with : 
given length of copper wire than with an iron- wire of the same length an 
diameter. This experiment indicates that a cell producing a constant E. М. Е 
(abbreviation for electromotive force) can force a very much stronger currer 
through a copper. wire than through an iron wire of the same proportions. W 
тау conclude from this that iron offers a higher resistance to the passage c 


electricity than copper. 

Resistance in electrical circuits may be defined as that property of bodies whic 
opposes the flow of electric current. Just as water passes with difficulty throug 
а small pipe of ereat length, but very freely through a large pipe of short lengi 
so, also, а small wire of considerable length and poor conducting qualities oppos 
the flow of electricity considerably, but a good conductor of short length at 
large diameter offers but very little resistance. | | 

All substances are found to resist the. passage of electricity but the resistan 
of metals is by far the least. Of all metals, silver is found to be the best co 
ductor, and it therefore possesses less resistance than copper, for example. 
fact, the ability of silver to conduct eléctricity is taken as unity or the base frc 


which the specific resistance of other metals is computed. | 
Э! Реза Ма ты а вас Of an ресе OF unit length and u 
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10 PRACTICAL 


WIRELESS TELEGRAPHY . 


А series connection is made by joining the positive pole (the carbon plate) of 


one cell to the negative pole (zinc plate) 
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Fig. 6—Electric Cells Joined in Series. 


а closed circuit, current flowing 
Now the total resistance of this circuit 


resistance of the eiectrolyte from plate to 


E. M. F. of the cells and the total resistance 
of ordinary primary cells is rather high, 





When cells are connected in series, the 


freely from the positive to 


sistance of the connecting leads and the internal resistance of the battery cells, 


multiplied by the number of cells in the group 
but the strength of the current will not exceed that of a single. 


of the next cell, as shown in the diagram, 
Fig. 6. Тһе upper part of this dia- 
eram shows two chemical cells con- 
nected in series and the lower figure 
shows ten cells connected in series 
as they would be represented in or- 
dinary electrical diagrams, 


In the upper diagram of Fig. 6, current 
flows from the carbon plate of the cell 
through the switch 5, through a concen- 
trated resistance coil В. (which may be of 
German silver or other metal of high 
specific resistance) to the zinc plate of the 
right hand cell. Тһе circuit continues 
from the zinc plate through the electrolyte 
to the carbon plate, from the carbon plate 
to the zinc plate of the left hand cell, and 
finally through the electrolyte to the carbon 
plate from which the flow originally began. 
When the switch S in this diagram is 
opened, the circuit from the battery cells 
is said to be broken or interrupted; but 
when switch S is closed, the circuit is called 
the negative pole of the battery. 
is made up of the resistance coil R, the re- 
that is the 
of.the current flowing 


plate. Тһе strength 


through this circuit, as will be explained in detail further on, is governed by the total 


of the circuit and since the internal resistance 


it cannot be ignored in the grouping of cells. 


total electromotive force is that of one cel 
(provided all cells have identical potential) | 
cell, and more likely wil 


be less, due to the fact that the total resistance of the circuit increases aS more cells ағ 


added to the battery. 
internal resistance as follows: 


Grouping of the cell 
When a number of cells in a battery 


s in either series or parallel affects the tota 


are connected in series 


the total internal resistance is equal to the sum of the internal resistances of all the cells 


| When a number of like cells are connected 
| in parallel, the total internal resistance is 
equal to the resistance of one cell divided 
by the number of cells in the battery. 


A parallel connection is made by 
connecting the positive terminal of one 
cell with the positive terminal of an- 
other cell and the negative terminal 
of the first cell with the megative 
terminal of. the second cell as in the 
diagram Fig. 7. The left hand figure 
shows the direction of the flow of cur- 
rent of two cells connected in parallel 
and by this connection, the total 
electromotive force of the cells is no 
more than that of a single cell but the 
current available (in amperes) is that 
of one cell multiplied by the number 
of cells in the group. 

Applying this to the right hand dia- 
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12 PRACTICAL WIRELESS TELEGRAPHY 


E-—IXR 
o В = — . 
1 у 
It is plainly evident that if we know any two of the quantities involved in this 
expression, the third may be readily determined. ! 
To illustrate: If the flow of current in a given circuit is 2 amperes and its total re- 
sistance 220 ohms, the E. M. F. applied to set up this value of current must have been, 
220 X 2 = 440 volts (Е = Ух К). | КО: 
As а second illustration we may take the case. of an ordinary carbon filament 
lamp which takes 0.5 amperes е pressure of 110 volts. According to this law, the 
EA 10 EN 
resistance of the filament must be —— or 220 ohms (К = —). 
0.5 [= 
We learn from Ohm's equation that to increase the flow of current through а 
circuit of fixed resistance we must increase the voltage. ТЕ the voltage be doubled, ` 
the flow of current is doubled and so on. By the same law if the flow of current 
through a given device and the pressure across its terminals can be measured, the 


resistance in ohms is obtained by simply dividing the pressure in volts by the 


- current in amperes. 








Ohm's law applied to the circuit of Fig. 6 yields the following results: If the coil К 
has a resistance of 9 ohms and the E. M. F. of the cells is 3 volts, the strength of the cur- 
à - | 
rent throvgh R = — = 0.33 amperes (assuming the internal resistance of the cells and - 
| 9 | | 
connecting wires to be negligible). Н В had 18 ohms resistance, 0.166 amperes would flow 
through the circuit. If, in the left hand drawing, Fig. 7, В has 9 ohms resistance and the 


| ; 1.5 
E. M. F. is 1% volts, the current — — = 0.16 amperes. Also if R in Fig. 8 had resistance 
9 : 
45 | 
of 9 ohms, the flow of current would be — or 0.5 amperes. 
| 9 


If а number of electrical devices are connected in series as in diagram, Fig. 9, the cur- 


rent through each element is the same, irrespective of its resistance.. In this diagram a 
source of direct current potential of 100 volts is applied to the circuit comprising an 


electric lamp L, of 180 ohms, a resistance coil R, of 50 ohms, and a telegraph sounder S, of 


10 ohms. We may calculate the current flowing at any point through the circuit by first. 


determining the total resistance. T his, exclusive of the cells and connecting wires leading . 
! 100 


therefrom, is 180 + 50 = 10:=—= 240 ohms; the current in amperes = 7 — — 0.41 amperes. 
i 240 


1 


It 1s to be especially noted that the strength of the current through all the elements of 
this circuit is the same, irrespective of the resistance of the individual elements but the 
current is governed principally by the greater resistance, that of the lamp ТЕ; 
If a voltmeter be connected to the terminals of any of the various resistance 
‘elements of the circuit (see V in Fig. 
„(ч 9), a difference of potential or elec- 
| tromotive force will be found to exist 
ЕЖ і | across the terminals that varies as the 
: resistance and the strength of the cur- 
GENS . te” 
"uuum mmm, Tent. The electromotive force may 
— | | беда 4 ре calculated directly by Ohm's law 
— ZUR! c the resistance and the current are 





| 


_-_100 VOLTS 


Oe о ОШ euenit flowing 


through each resistance element 15 
ry xev p qx rassuke InN- Volts 1° 
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14 PRACTICAL WIRELESS TELEGRAPHY 


This may be expressed: 

| J == X R X ПЁ, | 
where ] = the electrical energy expended in the form of heat in joules. 

The joule is defined as that amount of energy which is expended during one 
second, by current.of one ampere flowing through a resistance of 1 ohm and the 
joule per second is the practical wnit of electrical power which has been named 


the «att. 
joules 





Since power is the rate of doing work per unit of time, watts — 
time 
Hence if 2,000 joules of electrical work are done in twenty seconds, the power exerted 


2000 | | 
is ——- — 100 joules per second — 100 watts. Power may also be expressed in the units 


20 
of pressure and current strength. The power in watts in a given circuit in which direct 
current is flowing is equal to the product obtained by multiplying the current in amperes 
by the electromotive force in volts or | 

Wo Е. 

Hence, if in any given direct current circuit we measure the pressure by a 
voltmeter, and the current strength by an ammeter, the power in watts is obtained 
by multiplying together the readings of each instrument. 


22. Electrical Horsepower.— The unit of mechanical work is a foot 
pound. It is the work done in raising a mass of 1 Ib. against the force of gravity 
through a distance of 1 ft. Work done at a rate equal to 33,000 ft. Ibs. per minute 
is called the horsepower (abbreviated H. P.). 


One Mechanical H. P. — 33,000 ft. Ibs. per minute = 550 ft. Ibs. per second. Also it 
can be shown that 1 joule = 0.7373 ft. lbs., hence, 1 joule per second or 1 watt = 0.7373 








1 watt 
ft. lbs. per second. Therefore 1 ft. lb. per second = 
i 7 0.7373 | ! 
1H.P. М 1 watt 550 
Since 1 ft. lb. per second — — —— ог %---, therefore 1 mechanical Е. Ри == === = 
SEO 0.7373 : | 0.7373 
/46 watts. a 
Now 746 watts = 1 mechanical H. P., therefore 
W 
Il p ог, 
х 746 
TXE 
H. P. = —— 
| 746. 


Where I — the current in amperes, E — pressure in volts. 
For example, an electric motor requires 30 amperes current at pressure of 110 volts; its 
110x30 3300 
rating in H. P. = ———— = — = 4.4 horsepower. 
746 . 746 
1 kilowatt = 1000 watts = 1.34 H. P. 
1 H. P. — 746 watts = .746 К. W. 
23. Definition of Electrical Units.—The practical units of electricity may 
be defined as follows: | 
The practical unit of electromotive force is the volt, and by definition the volt. 
is that E. M. F. required to maintain the flow of current of one ampere through a 
resistance of one ohm. | 
The practical unit of current strength is the ampere, and it is that strength of 
current maintained by an E. M. F. of one volt through a resistance of one ohm. 
The ohm is the unit of resistance and is such resistance of conductor or circuit 
OUO ONNA те ынд ccu са а лет аты М. В OF опе velt 
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PART III. 
ELECTROMAGNETIC INDU CTION. 
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18 PRACTICAL WIRELESS TELEGRAPHY. 


шау, when the current rises, the lines of force move away from. the wire bu 
-when the current falls, the lines of force collapse back upon the wire. 

The general direction of the magneti 
field around a horse shoe magnet is show: 
in Fig. 16. If the direction of the flow o 
current from the battery around the convolu 
tions of the two coils is as indicated, th 
left hand pole has north magnetism and th 
right hand pole has south magnetism. 4 
piece of soft iron A placed near to the tip 
of the poles will be forcibly drawn to ther 
and will only be released when the currer 
is ‘turned off. If a coil of resistance wit 
R, such as а German silver resistance regt 
lator, is connected in series with the winc 
ings, the strength of the magnetic field ca 
be closely regulated. If high values of ri 
sistance are inserted, the current may be г‹ 
duced to a degree that the magnet will barel 
attract the piece А. Variation of the са 
rent flow would affect the field of a straigl 
solenoid winding in the same manner. ТЇ 
point to be taken from this is that whenev 
electromagnets are employed for mechanic 
work such as lifting masses of iron or f 
exciting the magnets of a dynamo or motc 
the strength of the field can be regulate 
over certain limits by а simple variable г 
sistance. 

If а horse shoe of hard tempered steel | 
inserted in the magnetic windings in pla 
of the soft iron core and allowed to rema 
for а few seconds, upon removal it will | 
found to be permanently magnetized. 

We have explained that the direction 
the magnetic field around a conductor d 
pends upon the direction of the flow of cu 
rent. It is clear that if the current of t 
magnet in Fig. 16 is reversed the polari 
will be reversed as shown in Fig. 17. 


Fig, 12b—Showing Lines, of Force Around а Сот Тһе strength of the magnetic fie 

| about a solenoid can be varied:.t 
fluxes of opposite directions as shown in Fig. 18. Тһе solenoid windin; 
A and B are wound in opposite directions connected in series and final 
to the terminals of the battery. Since current flows through the two coils 
opposite directions their magnetic fields аге repellent and if the coils a 
telescoped together (one within the other) the magnetic field will be near 
destroyed. If the two coils are partially telescoped, the resultant magnetic fi 
varies accordingly. Advantage is E 
taken of this principle in construct- | p 
ing an instrument known as the 
variometer, which is particularly 
| useful for tuning wireless telegraph 
circuits. 








Тһе electromagnet in some form is 
employed in nearly all electrical ma- 
chinerv. and. therefore, the laws 
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Fig. 16——Magnetic Field of Horse-shoe Magnet with 
Current Flowing in Definite Direction. 
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winding P. 


jn winding 5. 


4а съл How Magnetic Field Reverses 


PRACTICAL WIRELESS TELEGRAPHY. 


Тһе direction of the current induced in 
S should be observed. When the lines of 
force increase through S, the induced pres- 
sure is counter to that which originally 
fowed in winding P, but when the lines 


of force decrease through S, the induced 


current has the same direction as the orig- 
inal current from: the battery through 

It is clear that the lines of force in ~ 
are in the opposite direction to those үу нісі 
set up the current іп 5. The field of force 
created around S therefore reacts upor 
winding P tending to build up a curren 
in opposition to that already flowing in P 
That is, the change in strength of thi 
primary current in P induces a secondar; 
current in S which in turn induces a bacl 
pressure in P. The induction due to th 
two circuits reacting upon each othe 


js called their mutual induction which is 


measurable quantity. 


30. Self-Induction. — We hav 
seen that the expanding field of winc 
ing P induces an electromotive forc 
Similarly the fiel 
produced by each turn in winding . 
will cut neighboring turns, thereby 11 
ducing in them electromotive force 
that tend to oppose the E. M. F. c 
the original current. On the oth: 
hand, when the current in winding 
diminishes, the lines of force contra 
and thereby induce electromoti 
forces in adjacent turns, that tend 
set up currents in the same directic 
as the original current. | 

This inductive action of a coil: 
conductor upon itself is called se! 
induction, | | 

Self-induction may be defined . 
the property of a circuit that tends 
prevent any change in the strength- 
current passing through it. This 
clear from the fact that self-induc 
currents either tend to prevent t 
rise or the fall of current through 
circuit. | | | 

Тһе effects of self-induction a 
noticeable only in direct current с: 
cuits when the current is turned | 
and off, but in alternating curre 
circuits they are ever present... / 
conductors have self-induction, t 
amount depending upon their size a 
shape. Coiled wires have greal 
self-induction than a long straig 
2 "іы Пл дасы са 0t ае 
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22 PRACTICAL WIRELESS TELEGRAPHY, 


1,000 centimeters — 1 micro-henry; 
1 
1 micro-henry — 





henry; 
1,000,000 
1 
1 milli-henry = — — — — henry; 
1,000 | 

The inductance of a given circuit is generally calculated by one of several formule. 

31. Value of Induced E. M. F.—Referring to Fig. 19: The electromo! 
force induced in winding’ 5 is conditioned on the ratio of the turns in the two wind 
and the rate of the change of flux threading through S. For instance, if P has 100 ti 
of comparatively coarse wire such as No. 14 ог No. 16 B. & S. wound over ап iron | 
and S has many thousand turns of fine wire such as No. 36 B. & S., an electromotive t 
of several hundred thousand volts may be induced in S. Should winding S have less ti 
than winding P, the E. М. Е. induced in S will be lower than that of winding P. 
vantage of this principle is taken in the design of the apparatus known as the induc 
coil, in which the circuit of P is interrupted from thirty to one hundred times per sec 
Then if winding S is given a large number of turns and its terminals are separated 1 
space of several inches, the voltage may be so great as to jump the gap in the form o: 
electric spark. ute 

To properly distinguish the various circuits, winding P is called the primary; windin 
the secondary winding. The current in P is termed the primary current and in S 
secondary current, | 





Е | F 


Fig. ои ан Diagram of Simple Alternator. 


32. The Dynamo.—We may briefly define the dynamo as a machine 
converting mechanical energy into electrical energy by the prineiple of elect 
magnetic induction. But unlike the simple battery or storage cell the dyna 
may generate either direct or alternating current. Alternating current dynan 
are frequently called alternators. The student can nearly always distingu 
between the two machines by observing the part of the dynamo at which 
current is collected. If the brushes rest on a commutator made up of a num 
of copper segments separated by insulating material, it will be a direct curr 
dynamo, but if the brushes simply rest on two brass rings, it will be an alternat 
current dynamo. | : : 

The fundamental principle of the dynamo follows: Whenever a coil of w 
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shown at point D. From this point the Е. M. Е. decreases to zero or when the rect: 
А, В, is in the position of 16-8. This curve depicts the gradual rise and fall of the E. Л 
in а dynamo coil and is known as a sine curve, the plotting of which is explained ir 
principles of co-ordinate geometry. Тһе curve shows the relation between time (frac 
of-a second) and the strength or amplitude of the current at any given point during 
complete revolution of a dynamo coil Тһе curv^ represents a complete cycle of altern: 
current. Vertical lines drawn from the horizontal А, B, represent time in fractions 
second. Тһе horizontal lines drawn from the successive positions of the coil, 1, 2, 3, 4, 
correspond to the position of the dynamo coil at any particular instant. At points м 
the horizontal and vertical lines intersect, a common line is drawn connecting them, w 
results in the wave-like curve. ; ; | 

33. Determination of Frequency.—The frequency of an alternating i 
rent dynamo is expressed in cycles per second. We see from the previous p 
graph that one complete cycle of current is generated when A, B, makes a sii 
revolution, Hence if A, B, rotates 60 complete revolutions per second, there 
be 120 reversals or alternations of current per second. Since two alternation: 








500 SEC 
IN CASE OF 500 CYCLE ALTERNATOR 
_. Fig. 22—Sine Curve Showing Rise and Fall of Current during One Complete Cycle. 












current constitute a complete cycle, the frequency of this generator is said to be 


cycles, | 


The frequency of any alternator may be determined by first counting 
number of field poles and by measuring the speed of the armature per second 


Мх 


Frequency — 





2 | 
Where N — the number of field poles; : 
S — the speed of the armature in revolutions per secon 
. Direct reading frequency meters are in daily use. They are connected 
shunt to the power circuit like the voltmeter. (Frequency meter is described 


Paragraph 49, section C.) 


34. Strength of Magnetic Field.—The strength of the magnetic field abc 
the poles N and S, Fig. 20, is proportional to the strength of the current in amperes and 
number of turns of the coil The strength of the magnetic field is the same whethe: 
current of a large number of amperes is flowing through a few turns of wire or a relativ 
weak current flows through a greater number of turns. Тһе turns of the field wind 
of any dynamo are of a fixed number; hence the sirength of the magnetic field is regula 
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are (1) the density of the magnetic field and (2) the speed of the dynamo arma: 
ture per second. We see from this that the voltage of any generator may lx 
increased by increase of the speed of the armature or by increase of the strengt! 
of the magnetic field surrounding the armature coils. Commercial generators ar« 

built usually for constant speed. Regulation of the voltage is obtained by mean: 
of the field rheostat. | 

35. Diagram of an Alternating Current Dynamo.—The essential parts о! 
an alternating current dynamo are: 

| (1) Field Magnets. 
(2) Armature. 
(3) Collector Rings. 

The diagram of Fig. 23 is merely intended to show the general details of the 
construction and connections of an alternating current dynamo. The field pole: 
which are firmly bolted to the circular iron framd are represented by М, S, N, S 
the armature at M. and the collector rings at E, F. The field poles are wounc 
alternately in opposite directions so that the current circulates about the turns іг 
opposite directions, giving the poles alternately north and south: polarity. The 
armature M is built up of a number of slotted sheets of soft iron which are pinned 
together and mounted on a common shaft, the copper conductors lying lengthwise 
of the core in such a way that the coils will be filled and emptied with magnetic 
flux (coils not shown). If these coils are properly connected together, the 
currents induced therein (by the change of flux) will flow in the same gen- 
eral direction, the voltage of one coil being added on to that of the next coil 
It is to be especially noted that the source of continuous or direct current fot 
exciting the field poles of an alternator is generally supplied from an externa! 
source which may be either a small direct current dynamo known as an excite? 
or a battery of storage cells. In most cases encountered in wireless working, the 
E. M. F. of the direct current source is 110 volts and the turns of the field 
winding are of such number that the correct amount of current flows with small 
amounts of resistance in series at the rheostat R. As already explained, this 
“resistance is known as the field rheostat or field regulator. 

When the armature М revolves at a uniform rate, an alternating current is induced in 
the coils. which is collected by the brushes Е, Е in contact with 2 collector rings, the volt- 
tage varying with the design of the machine. For purposes of wireless telegraphy the 
voltage of the generator may vary from 110 to 500 volts and the frequency of the current 
may vary from 60 to 500 cycles standard frequencies being 60, 120, 240 and 500 cycles. 

If the armature of Fig. 23 were revoived 1800 revolutions per minute; current at a 
frequency of 60 cycles per second would be obtained from its armature. Remembering the 
formula given for determining the frequency we see that in a complefe revolution of the 
armature any point passes through four fields which would set up four reversals of current. 

M UM If the armature revolves at the rate of 

LE - 1800 revolutions per minute, corresponding 

to 30 revolutions per second, there will 

be 4 X 30 or 120 reversals of current, 

or a frequency of 60 cycles. If the genera- 

tor Фай 32 field poles, the frequency will 

be 32 X 30 or 960 alternations correspond- 
ing to 480 cycles. 

The student should understand that the 
foregoing description and drawing simply 
show in an elementary way the construc- 
tion and functioning of a generator. Тһе 
diagram is merely intended to indicate the 
connections of the machine, the direction 

of the magnetic lines of force and the 
method by which the voltage generated by 
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a piece of soft iron has been magnetized, no matter how soft the iron may be, à certain num- 
"ber of magnetic lines of force are retained when the magnetizing current has been turned 
off. These lines are known as the residual lines of force and the cores of the field winding 
are said to possess residual magnetism. xy. | we 
When the dynamo armature is first set into rotation, the residual lines of force pass in 
and out of the armature conductors through the core, generating therein a feeble current | 
which flows to the field winding and increases the number of lines of force threading through 
the armature coils. This induces a stronger current in the armature conductors which con- 
tinually adds to the strength of field until the normal voltage of the dynamo is established. 
The complete process usually requires from 10 %о:50 seconds. After the generator armature 
attains its normal speed, the voltage across its terminals may be raised or lowered by the 
rheostat R. If the resistance of R is increased, the voltage diminishes, or if the resistance 
of R is decreased, the. voltage increases. 


A diagram of a series wound generator appears in Fig. 26. The field magnets 
of this type are wound with a few turns of thick wire joined in series with the 
: armature brushes and all of the cur- 
rent generated by the armature passes 
through the coils of the field magnet 
to the external circuit. The current in. 
passing through the windings of the 
field magnet, energizes them and 
strengthens the weak field due to the 
residual magnetism of the cores which 
results in a gradual building up of the 
magnetic field. Тһе important char- 
acteristic of this machine is its ability 
to furnish current at increased voltage 
as the load increases for it 15 clear from 
previous explanations that the greater 
the strength of the field current, the 
greater the strength of the magnetic 
field from pole to pole. Тһе strength 
of the field current flowing through a 
series wound generator, and therefore 
the voltage across its armature 15 reg- 
ulated by cutting out turns of the field 
through the medium of a multi-point 
switch or as may be done in the case of any type of generator, the voltage can be 
regulated by variation of the speed of the armature. 





Fig. 26—Circuit of Series Wound D. C. Generator. 


The compound wound dynamo combines the desirable characteristics of both 
the series and shunt wound machine, and it gives a better regulation of voltage 
on circuits of varying load than is possible with a dynamo of either type. A 
suitable diagram of connections appears in Fig. 27. The field magnets of the 
compound dynamo are wound with two sets of coils, one set being connected in 
series with the armature as shown at R, and another set in shunt to the armature 
and external circuit as shown at V. Тһе function of the series winding 15 to 
strengthen the magnetic field by the current taken through the external circuit, 
and thus automatically sustain the voltage under variation of a load. 


In the case of the shunt wound dynamo, as the external load is increased, the potential 
difference at the armature terminals will fall, but in the case of the compound wound gen- 
erator, this fall of pressure is counteracted by the series winding, the current which flows 
in it increasing with the load and causing the pressure to rise. The number of turns of each 
winding and the relative strength of current is proportioned so that a practically constant 
pressure is maintained under varying load. Initial adjustments of the voltage can of course 
be secured by means of a field rheostat such as shown at R-1. 
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30 PRACTICAL WIRELESS TELEGRAPHY. 


ings. The type known as the differential wound motor appears in Fig. 29 and will be.- 
described further on. | | 


39. The Effect of Counter Electromotive Force —When а motor armature 
is set into motion by an external current, Ше loops of wire composing its coils cut through 
the magnetic field and induce a reverse electromotive force. counter to that which originally 
caused the motion. This back pressure is known as counter electromotive force which gov- 
erns directly the speed of a motor. Тһе difference between the impressed and the counter 
voltage determines the actual flow of current in the armature and the counter voltage is 
proportional to the speed of the armature, the number of armature wires and the strength | 
'of the magnetic field which is enclosed. | 

Тһе speed of a motor supplied with current at constant pressure varies directly with the 
counter electromotive force and in any given machine the stronger the field, the slower will 

be the speed of the armature. If the field 
of a motor be weakened by inserting re- 
sistance in the excitation circuit, the 
armature will increase its speed up to a 
certain point, or until the increased speed 
of the armature increases the counter 
E. M. F. to such an extent as to cut down 
the armature current. Up to this point, 
however, the speed of any given motor 
can be varied by simply increasing or de- 
creasing the field strength. | 

The pull* of the motor armature is di- 

rectly proportional to the strength of the 
armature current and to the strength of 
the magnetic field. In the case of the 
shunt wound motor where the field is of 
constant strength, the pull of the arma- 
ture depends upon the amount of current 
through its winding. Hence if we weaken 
the field, the reduced counter E. M. F. will 
permit increased flow of current in the 
по VOLT D.C armature, and therefore, will increase its 
speed. | j 
The speed of a shunt wound motor is 
self-adjusted in the following manner: If a load is thrown on suddenly, the armature will 
have a tendency to slow down, but this decreases the reverse electromotive force and there- 
fore increases the current flowing through the armature winding. This causes the motor to 
return to its normal speed of rotation. . 

We see from the foregoing that the speed of а motor сап be regulated in two 
ways: (1) by connecting a variable resistance coil known as a field rheostat in 
series with the field winding; (2) by connecting a variable resistance of large 
current-carrying capacity in series with the external circuit or in series with the 


circuit to the armature itself. | 


The motors of the motor generators used in wireless telegraphy are designed 
to permit variation of the speed 20% above and below the normal speed. 


40. Motor with Differential Field Winding.—As we have explained, the 
speed of a motor is increased or decreased by regulation of the strength of the 
magnetic field and any reduction of field flux of a given machine will increase 
the speed of the armature. By the use of the differential field winding shown in. 
Fig. 29, the flux of the shunt field is automatically weakened in accordance with | 
the external load and the speed therefore self-regulated. Confining our vision | 
strictly to the windings of the field poles, two distinct set of coils will be seen, | 
one а series winding (SR) in series with the armature and the other а shunt. 
winding (SH) connected across the main power line. If the current in these 
two windings circulates in opposite directions, a differential field is produced 
and the resultant field will be of greater or less intensity according to the current 
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Fig. 29—Motor. with Differential Field Winding. 
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32 _ PRACTICAL WIRELESS TELEGRAPHY. 


armature windings may be classed into two principal types, the lap winding and 
the wave winding. | | 


The development of the lap winding is shown in Fig. 32, where a number of armature 
coils, numbered 1, 2, 3, 4, 5, etc., successively, are assumed to be mounted on the armature 
of a dynamo and to cut through the magnetic fields of the poles N, S, N, S. The arrow 
indicates the direction of rotation, and the letters correspond to the segments of the com- 
mutator. The position of the positive (+) brush of the armature is shown. 


In this diagram, an armature having 18 conductors revolves in а four pole field and the 
flow of current will be observed to have the following direction. If we start from com- 
mutator segment I, the point where the current enters the armature through the negative 


‘brush, then the current flows through conductor 17, to commutator segment A, through con- 


| ч E 


ductors I and 6, and out at segment B. Tracing in the opposite direction, current flows 
through 2, through 15 to segment Н, through 18 and 13 and finally comes.out at G. The 
current is thus seen to take two paths from the negative brushes through the armature coils 


to the positive brushes. And it will be clear also that one side of a given armature coil lies 


underneath a north pole and the opposite side underneath a south pole 90? distant. Тһе 
student should note carefully the direction of the flow of current in all coils of the armature 
winding, taking particular note of the fact that in parts of the armature, the current is flowing 
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Fig. 32—Development of Lap-Wound Armature. . 
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towards the positive brushes and in other parts, away from the negative brushes. The coils 
composing the armature winding are connected so that the voltage induced in one adds on to 
that of the next coil, hence, current flows in the same general direction through various 
groups of coils although the sides of a given coil are under magnetic fields of opposite polarity. | 


It is to be noted that the brush shown in Fig. 32 short circuits a particular coil of the 
armature, which lies in the neutral magnetic field. It is self-evident that if a given armature 
coil were short circuited by a brush when the coil occupies a position other than the neutral 


‘position, it would be surrounded by а magnetic field and current of great strength would be 


induced therein. This would overheat or meli the conductors or at least would cause desiruc- 
tive sparking at the commutator. : xdg 


If the armature wiring in Fig. 32 is carefully traced out, it will be observed 
that the winding, so to speak, laps back upon itself. It is therefore termed the 
lap winding. In а four-pole generator, four brushes would be required for this 
winding and in a six-pole generator, six brushes. | 


In the diagram of Fie. 32 the coils of the armature аге shown as consisting 
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34 PRACTICAL WIRELESS TELEGRAPHY. 


The essentials of a transformer are: 
(1) A primary winding; 
(2) A secondary winding; 
(3) An iron core. 


Пп order that the current may be induced in the secondary of a transformer, the 
primary winding must be traversed by either a pulsating or interrupted direct current 
or an alternating current. Е 


Fig. 35—Construction of Crocker Wheeler Motor Generator Armature. 
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Fig. 36—Showing Crocker Wheeler Motor Armature with Coil Terminals Unsoldered. 


Alternating current transformers for the production of high voltages may be broadly 
classified under two general types: 
(1) The constant current transformer; 
(2) The constant voltage transformer. 


In terms of the ratio of transformation, they may be classified as: 
(1) Step-up transformer; 
(2) Step-down transformer. 


According to the design of the coils and the core or magnetic circuit, 


classified as: | 
(1) Open core transformer; 


(2) Closed core transformer; 
(3) Auto transformer; 
(4) Air core transformer. 


Fig. 37 is an elementary diagram of a closed core, step-up, constant voltage transformer. 

| The primary and secondary windings P and S respectively, are supported by a rectangular | 
iron core built up of strips of sheet iron. The primary winding, for example, may consistey- 
of one or two layers of comparatively coarse wire such as No. 10 or No. 12 B. & S. gauge; 2” 
The secondary winding S may have several thousand turns of fine wire such as Хо. 30 бг“ 
No. 32. i quM 
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36 PRACTICAL WIRELESS TELEGRAPHY. 


used for both circuits. А portion of the current flowing in the secondary winding is in- 
duced by the passing of the flux through the core from the primary turns, but another 
portion flows into the secondary circuit by direct conduction. ; | 
Although transformers of this type are not employed for the production of high voltages 
(with low frequency currents), they are frequently used as step-down transformers to 
| obtain 10 to 30 volts of alternating cur- 

rent from a 110-volt source. Without an 

x iron core, auto transformers аге used in 
~ \ the circuits of radio frequency in both 









| Г y IANN ОКУ, БЫШ 
| i / Т ха | the transmitting and receiving apparatus 
VON ЗАДА рК Ж шде AE. cr ORE } ГАУ of wireless telegraphy. 
ed que IPIS 11 ЕЕЕ == H 125222 Тһе air core transformer in Fig. 40 is 
p: = ЕЧЕН ЕЕЕ ЕНЕ used principally in radio-frequency cir- 
# ? Ха TT EN AN де ле АЛ МО А МА cuits for transferring oscillations at ex- 
151 | | \ tremely high frequencies from one circuit 
EN 2.7) цо another, and when used in this man- 
“2 / ner it might properly be called а radio- 
ALTERNATOR | ~ . frequency transformer. For such a trans- 


former if used in the transmitting ap- 
= | paratus of a radio set, winding P is made 

ын А о ан tormen: of а few turns of coarse copper tubing or 
copper strips, the tubing being from 77 to 34 inch in diameter for the small size sets. Wind- 
ing S may have several turns, a dozen or more of insulated wire or small copper tubing. 
On the other hand, if the auto transformer is used in receiving sets, winding P may consist 
of several hundred turns of No. 24 B. & S. wire, and winding S may have several hundred 
turns of No. 32 B. & S. wire. ч 

Whether or not the voltage of the sec- 
ondary circuit will be greater or less than in 
the primary, in radio-frequency transforma- 
tion, depends upon the values of capacity. 
included in either circuit as well as the ratio 
- of the turns. Owing to the phenomenon of 
resonance and the effects of capacity, a step- 
up ratio of turns may be the equivalent of a 
step-down voltage or vice versa. 

When the primary circuit of an open core 
transformer is supplied with interrupted di- 
rect current, it is called an induction coil. 
This coil will be described in detail in Para- 








30.000 ro 
(000,000 ` 


CYCLES 
graph 50. m 
44. Electrostatic Capacity.—In or- | ык om 
der that certain phenomena involved in | Pod С <a 
the flow of alternating current may be GEN 
understood, it will be necessary to con- —- Fig. 40—Radio Frequency Transformer. 


sider another quality of an electric cir- — | i 
cuit known as electrostatic capacity. We have mentioned two qualities of an 


electric circuit, i. e., resistance and 1nductance. Тһе third quality, capacity, is of 
particular importance in wireless telegraph apparatus and will now be defined. 
Further on, we shall show how 
these three qualities govern the flow 
of an alternating current. | 
Capacity may be defined as that 
property of a conductor or circuit 
by which energy can be stored up їп 
electrostatic form. The electrostatic 
capacity of a conductor is measured 
i2 by the quantity of electricity in 
Е coulombs with which it must be 
chárged to raise its potential to one 





EFFECTIVE VALUE 105 AMP 
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38 PRACTICAL WIRELESS TELEGRAPHY. 


This medium is known as the dielectric. The capacity of a condenser is found to vary: 
(1) Directly as the area of the opposed surface and the ability of the dielectric to 
conduct electrostatic lines of force; 
(2) Inversely as the separation of the plates. 
This may be written: E 
K X A 2248 
C=- 
Tq 1010 
Where C — the capacity of the condenser in microfarads; 
| A —the area of the opposed surfaces in squares inches; 
К =a certain constant; 
T —the separation of the opposed surfaces, or the thickness of the di-electric. 


It can be proven that different di-electric mediums conduct static lines of force 
with more or less ease depending upon their nature. Air is taken as unity and 
all other insulating mediums are compared to it. Certain grades of glass are 
said to have a dielectric constant of 9, meaning that a condenser with a plate of 
glass between conducting surfaces will permit 9 times the quantity of electricity 
to be stored up as with air at ordinary pressure. In the same way, the dielectric 
constant of micanite is said to be 5, paraffin paper 2, etc. (Note complete table in 
the Appendix). | 

Condensers cf large capacity аге made by taking a number of sheets of tin or brass 
foil and separating them with thin sheets of waxed paper or other insulating material, 
alternate sheets of foil being connected together on either side, so there is no direct con- 
nection between them. This constitutes а condenser of concentrated capacity which may 
store up temporarily considerable amounts of energy in electrostatic form. 

Condensers may be classified with respect to their dielectric strength which may be 
defined as the ability of the dielectric to resist puncture when subjected to electric pressure. 
Condensers which will withstand high voltages without rupture of the dielectric are termed 
high potential condensers and conversely those which will withstand low voltages only are 
called low potential condenscrs. High voltage condensers are used in circuits of several 
thousand volts pressure. Low voltage condensers are employed in circuits of less than 


500 volts pressure. : | ; 
We have mentioned that a condenser when first connected to a charging 


source, has zero potential, and as the current flows, the potential difference rises 
until the voltage of the condenser is equal to voltage of the charging circuit; the 
flow of current then stops. li the applied potential is decreased, the condenser 
will start to discharge and current will flow out in the opposite direction to 
which it was charged. Тһе voltage of the condenser is thus seen to set up а 
back pressure which tends to drive the charging current back. | 

We have already seen how inductance tends to prolong the flow of current in 
а circuit and we now see that the condenser tends to extinguish it or drive it 
back. Thus the back pressure of the condenser opposes that set up by an in- 
ductance coil. We shall now see how these counter E. M. F.’s govern the flow of 
alternating current. 

Тһе effects of self-inductance will first be noted. | 

45. Reactance and Impedance.— When a coil of wire is connected to a 
source of direct and then to a source of alternating current of the same voltage, 
the flow of current (in amperes) will be considerably greater with the former 
connection than with the latter. This is due to the fact that the counter E. M. F. 
of self-induction in a direct current circuit is only momentary, the effects being | 
observed when the current is turned on and off, whereas in a. circuit carrying 
alternating current, the effects of self-induction are continuous and the back 
pressure resulting therefrom must always be considered to determine the strength 
of current. 

The flow of a direct current through a given circuit is opposed only by the 
ohmic resistance, but the flow of alternating current is impeded by the counter 
alectramoative force of self-induction as well as bv the ordinary resistance. The 


- 


jo әпүел әзіер @ элец (ІМ Josuepuod pews е Ајобдолцоз pue әоиејәеәт то әпүел pews е 
әлеу ПА лэзиэрио> әзер е Jey} ST еришлој sty} шолу pojou од 0} ушой зивздодии Əy, 
‘Speiey ит Josuopuoo əy} zo Ájmedeo ay} = 2 
“риооәв ләй зојодо ur јполлпо әп jo Аәпәпһәшр од) == М злоцм 
9 X N X 829 
ЕЕ = ээцезовэт Апорде) 
:SMOIJ[OI se алан SI Jesuopuoo е jo әоперғәт Ауовае oup = 
224012024 20440324 SE 1osuop | 
-поо ® Aq yey} pue 22w012024 2044504 se passaidxo sı ooutjonpur Aq pouorseooo 
SULE oy} SCA "JN "M Je3unoo eseuj gsmiunsrp о], ‘эоцезоприт Aq dn 195 yey} 
sosoddo әлпѕѕәла мова sty} је ospe pue ©] “үү "Я Зиталецо au uo a1nsso1d yoeq e 
$3лэхэ рие әопеҙвзізәл әлцәәрә UL SB SPPE ұлоло зиэллио Surjeuloj[e ие YIM SAIS 
ит p9j»9uuo» зәѕиәриоэ € MOY UMOYS элец әлА--әопвҙовәц Ayede) сор 


2 CC 
^[reou ѕәләйше бу = —— “т ЧЗполцу мор рім олоца, ust} 
OTI 
| Z 
‘зол (ТТ SI 2103—0193] әп jo sInssoid од М — = І ‘03 peyrpour st ејишлој oy} ҙиәліпо 
4 
a 2 
зицеитэзе лот mq — = J рэ$$эл4хэ sr Мер swYyQ JUNI snonuHuoo2 IO рәлр 107 
a 


"Атојецихоладе ѕшцо с'77 == 201 + 202 А == eouepedui[ 
| usy} fsunpo QZ jo ooutjotoi 
pue ѕшцо Q[ FO e»utjsiso1 AIUI 660 jo ooutjonpur рец ср ‘314 jo Т роо оф p usur 
‘SWO UL J109 ay} JO ооџејовол од = У 
.SUIq[O UI рез Əy} JO әопедвібәі од) = М HAM 
XHA Л == зоперодшт 
:SMOIJ[OJ se possoIdxo SI PNI d 
е yons jo әоперәйип əy} put fooutjsIsol ројелјиоопод им 5 Б Зицеиәу—ер ‘ЗЫ 
oy} рие әоиејәеәл э4 Aq Ц104 рәпләло8 
SI “Т Ysnosy} заэллио јо мор 991, 
"ито усе = Л [100 јо зоџејовол 
оу) пәчу “лоуепләе Аопопролј-отрел e 
jo Аопәпһәш ош сојодо 000001 = N н < 
SNY} É OLI јәәлр IY} ш зэ5еэлоцт (ѕшцо < 
UI) ээцезовэл әгі ‘рәѕтәлош eq Аопопђол | 1/K—— 
5554 
< 





ЈУ 
$31949 09 


ӘНЕ SY 07 = 550. 2900 869 = 
ээцезовэл олдопрш IY} ‘:ојеиләзре PÁI 
-09 е 03 pe32euuoo $1 31 pue “АХтпәц сс) јо 
ooutjonpur seq ср "S14 yo "Т поо ои 
| `5әттпәц ur ooutjonpur әц = 7 
“риооәв tod зојодо ur Аопопђолј әці-- М IU AA 
TA NX 829 зоџејзвод 
| : роззолахо SI 3] 224012024 AIUDJINp 
“Ut рошлој 51 зопџејопрш YUM рэрео] PMI е Aq ропотсеооо әлпѕѕәлі злповол IJL 
5002 „Ви 02,, 10 5102 ә2и012024 poulro] эле YOIYM uoronpur-j[ss 
Чат jo вроэ Aq poj[o33uoo sKeA[e Ајлеоџ sr уаэллио Зицеилоуе Jo мор our 
I цәполр JUSTIN JO әпүел иэлт8 в 9210] 03 PNM 
yey} ur ролпбђол sr әЗецол ләцёщ e mq “(уғәц JO woz əy} ш 3501 si К8ләпә 
OY} олоцм) э9и8}515э1 ѕәор s? PN MIP ue ur ÁS1ouo JO 850] OU зртејио 
uononpur-j[sS JO °Я "JW "4 J93unoo әц} ey} poojsrepun oq p[nous 3[ -eoutjsrso1 
опшцо oy} Ад euo[e jou pu? эоцерэдии əy} Aq poursAoS sr заэллио Зацеилэуе 
Вилле) поло е 4810141 зиэллио Jo мор oy} Ара шрлозов pue ‘а2иорафии рошлој 
SI шоло AUB UI әопеў}зт$ә1 PUL зоџејовол Jo uonrsoddo рошашо әү `$шщо уаз] 
-eAInbo ur рә$$әл@хә st pue ‘22и012024 рошлој SI uononpur-][9s JO оошејетвол ®тухә 


6t 'NOLLDQGNI OLLHNOVNWONLOWTH 














40 | - PRACTICAL WIRELESS TELEGRAPHY. 


І the condenser C connected in series with the 60 cycle alternator of Fig. 44 has capacity 
of .00013 farads, and the frequency of the alternator is 60 cycles, then | 
l | 








Capacity Reactance = ---- 220 ohms approximately. 
6.28 X 60 X .00013 
If the frequency of the alternator is 100,000 cycles, then, 


1 


e 





Capacity Reactance == — = .012 ohms. 
| 6.28 X< 100,000 x .00013 a x t 
It is clear that by proper selection of capacity and inductance values in the alternator circuit 


of Fig. 45, the counter electromotive forces can be made to balance and the reactance there- 


1 





fore reduces to zero, or 2r N, L — 

| 2T N,C 
The circuit then acts as if neither induct- 
ance or capacity were present and the 
flow of current is governed solely by the 
ohmic resistance of the circuit. 


If capacity reactance overbalances in- 
ductance reactance, then the resultant 
value takes the notation of the predom- 
- |  - inating figure, e. g., if the capacity react- 
Fig. 44—Alternating Current Circuit with Condenser in ance exceeds the inductance reactance, the. 
Series. | diff be h 11 ? у 

ifference between the two will be ex 
pressed in ohms, and the circuit said to have so many ohms capacity reactance. In case 
inductance reactance predominates, the opposite statement applies. We see from all this 
that a much greater current can be made to flow through the circuit from the alternator 
by the use of а condenser and а coil than if but one of these were used. | 

Reviewing the foregoing, it is clear that the reactance of a given coil for frequencies 
in excess of 100,000 cycles per second (as compared to lower frequencies) may attain a. 
rather large value. It is therefore nec- | 
essary in such circuits to insert a cer- 
tain amount of concentrated capacity to 
build up the current. Іп the radio- 
frequency circuits of wireless telegraph 
apparatus, current flows at frequencies 
between 20,000 and 1,000,000 cycles per 
second and if this current is to be trans- 
ferred by magnetic induction from one 
circuit to another, the second circuit 
must contain a certain amount of in- 
ductance and capacity of such values 
that inductance reactance and capacity Fig. 45—Showing How Resonance Ts. Obtained in Alter- 

х nating Current Circuits. 
reactance neutralize one another. Тһе 
second circuit is then said to be resonant to the impressed frequency and the flow of current is 
governed solely by its resistance. | 
Straight wires possess both capacity and inductance, which are said to be dis- 
tributed rather than concentrated as in the case of a condenser or a coil of wire. 
The laws of electrical resonance, in general, apply to such circuits as well as those 


having concentrated capacity and inductance, | 


47. Lag and Lead of Alternating Current —A certain phenomenon, in- 
volved in the flow of alternating current throughout a given circuit, is termed : 
phase displacement. Given a circuit in which inductance reactance predominates, 
it is found that when a given alternating electromotive force is applied thereto, the 
pressure and current do not reach their maximum values simultaneously. “Тһе 
current lags behind the impressed voltage by а certain degree dependent upon the 
self-induction of the circuit and such a circuit is said to have а lagging phase. 


As it is convenient to express a complete cycle of current in terms of the degrees of a 
42242 ти evele Ћано equivalent to 90°. ZZ cycle to 180°, and so on, we express the lag of 
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42 PRACTICAL WIRELESS TELEGRAPHY. 


pressure of 500 volts, is somewhat greater, in fact, is 500 X 1.41 — 705 volts. Similarly th 
maximum voltage per alternation in 110 volt. alternating current circuits is 155 volts. (Th 
is only true when the wave form of the current follows the curve of sines.) 


When speaking of the pressure of the high voltage transformers used in wireles 
telegraphy, the secondary voltage is generally given as the maximum voltage pe 
cycle and not the effective value. 


The student will see from the foregoing that the problems of alternating curren 
circuits are largely different than those of direct current circuits and that Ње flow о 
current is governed by conditions other than the ohmic resistance. Also the actua 
power consumption in watts depends upon whether or not the pressure«and current іп. 
given circuit are in exact phase. 


-1-49. Measuring Instruments or Electric Meters.— The principle measuring 
instruments employed in connection with a wireless telegraph transmitter are: 


(1) The voltmeter; 

(2) The ammeter; 

(3) The wattmeter; 

(4) The frequency. meter; 
(5) The hot wire ammeter. 


In the circuits of a radio-transmitter, these instruments occupy the positions fol. 
lowing: Тһе voltmeter is joined across the terminals of the alternatof; the ammete: 
is connected in series with the primary winding of the transformer; the wattmeter i: 
connected in the circuit from the alternator to the transformer; the frequency metet: 
is shunted across the terminals of the alternator; the hot wire ammeter is used prin- 
cipally in circuits of radio-frequency, and to some extent, in circuits of lower frequency. 

Before entering into a description of these meters, we shall explain the workings 

of the current-detecting instrument knov 

Ў the galvanometer. This instrument may 
take one of several forms, but the type 
shown in Fig. 46 is the least difficult to 
understand. A rectangular coil of sev- 
eral turns of copper wire D is suspended 
between the poles of a horse shoe 
permanent magnet, P, P. Between the 
poles is the stationary iron core C.* The 
coil is suspended from the screw F and the 
current to be measured enters at the wire 
A and leaves by the wire B. When 
current is passed through the coil B, it 
tends to turn so as to include the greatest 
number of lines of force but is resisted by 
the torsion of the suspending wires. If a 
pointer and suitable scale are attached to 
this coil comparative readings of the 
strength of current may be made. Іп- 
struments of this construction are sen- 
sitive and will easily measure a current 
of .000001 of an ampere. It is an impor- 
tant instrument to demonstrate the ele- 

aa  mentary principles of electromagnetic 
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777777 EEEREN induction, and should be a part of all 
м students' equipment. | 
Fig. 46—Simple Galvanometer. Now if the coil D had several 


thousand ohms resistance, the galvanometer might be calibrated in volts and em- 
ployed as a voltmeter. If, on the other hand, coil D were wound with a few turns 
of relatively coarse wire, it might be calibrated in amperes and would, therefore, 
be known as an ammeter. As an ammeter it would be connected in series with the 
citcuit under measurement. | 
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in an alternating current circuit because, as already explained, the product of the 
volts multiplied by the amperes does not give the true reading of watts. Due to 
the self-induction of the circuit, the E. M. F. and current do not reach their maxi- 
mum values simultaneously. The current in fact, 
lags behind the impressed E. M. F., and there- 
fore the product of volts multiplied by amperes 
gives what is known as an apparent reading о] 
watts. This lagging of the current behind the 
E. M. F. is known as phase displacement. 


Wattmeters are constructed to be independent 
of phase displacement and they will give true 
readings of power consumption over the range 
for which they. are designed. The student will 
always recognize the wattmeter by it having four 
binding posts; two very large binding posts which 
are connected in series with the apparatus under 
measurement and two small binding posts which 
are connected in shunt to the terminals of this 





apparatus. : 
Fig. 49—Symbol fone Measuring Instru- Тһе general design for this instrument is shown in 
| | { Fig. 51. Coil A, called the current coil, is connected 


in series with the load; coil B, called the voltage coil, is connected in shunt to the load 
but a large resistance R is connected in series. The position of the coil A is fixed, but 
coil B is mounted on bearings and fitted with a pointer P which is held in the zero 
position by a spiral spring S. When current is passed through these two coils, two 
magnetic fields are set up, which act mutually to pull the movable coil B parallel to the coil A. 


The current in the pressure coil wil vary as the potential difference between its 
terminals and the current through the series coil will vary as the current in the circuit 
in which it is inserted. The force acting 
upon the movable coil will be proportional 
to the product of the current and potential 
difference. That is, the deflection of the- 
coil is proportional to the power of the 
current flowing in the circuit, and the 
scale of the instrument may be calibrated 
directly in watts. In the diagram binding 
posts C, C, are for the current coil, and 
posts L, L, are for the pressure coil. 


(c) Frequency meters are not ex- 
tensively supplied to commercial wire- 
less telegraph sets, but one of these 1n- 
struments is always a part of the radio 
inspector's testing equipment. Тһе 
Hartmann & Braun meter is shown in 
Fig. 52. It has much the appearance It 
of a voltmeter, and, like that instrument, it is connected in shunt to the terminals 
of the alternator. | A | 

In this diagram the single elongated magnet winding M has joined in series with 
it the сой В; the two terminals E, E are shunted across the circuit under measurement. 





Fig. 50—Mechanism of Alternating Current Ammeter. 


The soft iron piece, P, P, completes the magnetic circuit for the poles of the horse- 
shoe magnet, М, S, М, S, ес. А number of small vibrating reeds are placed directly 
in the path of the flux between the soft iron piece and the poles of the magnet. Each 
of these reeds have a different period of mechanical vibration and, consequently, are 
only set into vibration by the flux of the magnet when it alternates at such rates as to 
correspond.to the natural mechanical period of the reed. 

Four permanent horse-shoe magnets, М, S, М, 5, etc., keep the core іп a constant 
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46 — PRACTICAL WIRELESS TELEGRAPHY. 


following manner: А wire, E, F, is attached to the center of C, D, and a silk threac 
attached to it at K, which is wound about the shaft in such a way as to work against 
the tension of the spring S which, normally, would cause the pointer to move to the 
full scale position. However, by means of the thread, it is drawn to the zero position 
of the scale. When current is flowing through C, D, the expansion of the wire release: 
| | the pull of the thread which allows the 
pointer to move across the scale ac- 
cording to the degree of expansion and 
the tension of the spring. 


The fundamental principle of another 
instrument for measuring radio-frequency 
currents, used by the Marconi Company, 
is shown in Fig. 55. The complete details 
for construction are not opened for pub- 
lication, but briefly, the operation is as 
follows: Тһе current of radio-frequency 
flows through several wires stretched be- 
tween blocks B and В, А thermo- 
couple mounted on one of these wires 
as indicated at C, D, is heated by the 
current of radio-frequency flowing be- 
.tween the copper blocks. As is well 

· known, this junction sets up a direct 
current which flows through | the 
meter A. "The latter is a sensitive di- 
rect current instrument with magnetic 
windings and is calibrated directly in 

. amperes. | 

The production of E. M. Е. Буға thermo-couple may be better understood from Fig, 

56. If a piece of bismuth B and antimony A be soldered or welded together and 
their ends connected to a galvanometer, then if the temperature of the junction is 
raised higher than the remainder of this circuit, a current flows in the external circuit 
from antimony to bismuth. If the junction is cooled below temperature of the rest 
of the circuit, current will flow in the opposite direction. There are a number of 
other metals which when joined and heated will produce a direct E. M. Е undei 
change of temperature, notably copper and iron, which are frequently used as a thermo- 
junction. | 


50. Induction Coil.—We have shown how an alternating current can be 
raised to a pressure of several DET 
thousand volts by means of the alter- 
nating current transformer. In a 
somewhat similar manner, a direct 
current of low voltage can be changed 
to an alternating current of many 
thousand volts by ап apparatus 
known as ап induction coil. 

Fig. 57 is a diagrammatic sketch of 
an induction coil Р is the primary 
winding and S the secondary winding. 
B is a piece of spring brass fitted with 
a soft iron button that may be attracted 
by the core С. A is an adjustable thumb 
screw, platinum tipped, which makes | AUR М 
contact at Сі, closing the circuit of the battery through winding P. In practice sole- 
noid S is wound about C. д Са 





Fig. 53—Mechanism of Hot Wire Ammeter. 
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When the battery circuit is closed at K, the core becomes saturated with magnetism 
and attracts the armature B. B being drawn to the end of the iron core, the flow of 
current is broken at Сї. Since the current is now cut off from Р the magnetic field 
disappears and the tension of the spring causes the circuit to be closed again at СІ, 
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48 | PRACTICAL WIRELESS TELEGRAPHY. 


(a) Interrupters. In addition to the magnetic interrupter shown in Fig. 5 
there are several types of interrupters for induction coils, but since they are seldor 
used in modern wireless systems, they will not be described. ‘The electrolyti 
interrupter is frequently employe 
but not extensively. A diagram o 
connections and a sketch is show: 


eut 

58 in Fig. 59, 

S A lead plate of convenient . size i 
immersed in a dilute solution of sul 
‘phuric acid together with a platinur 

Кы electrode covered with a  porcelai 

EI sleeve. The amount of platinum ex 

ош posed to the action of the acid is closel 





regulated according to the condition 
of the circuit. When the interruptor і 
connected in series with the primary winding of the induction coil the action is as follows 
The current flowing through the solution from platinum point to the lead plate sets up a 
electrochemical action which form a gas bubble on the tip of the platinum electrode. Thi 
gas bubble insulates the platinum exposed, thereby opening the primary circuit. The cui 
rent flow having discontinued, there is nothing to sustain the gas bubble, which accordingl 
collapses again, allowing the current to flow through the winding, when the above actio 
is repeated. A rather high rate of in- 

terruption is thus secured which in- 
duces a rapidly pulsating .current in 
the secondary winding. Interrupters of 
this type frequently give 1,000 breaks 
of the primary current per second of 
time. They will not function well оп. 
potentials less than 80 volts direct cur- 
rent. Fair results are obtained with 
alternating current. 


51. Practical Electric Circuits. s X^ > 

—With the sole purpose of conveying - 4 НИЈЕ t i В | 271 
to elementary students an idea of the Rd 
wiring and certain fundamental facts 
surrounding practical electrical circuits, 
a few examples are herewith appended. DILUTE _ 
In the circuit of Fig. 60, direct current Н 5 04 \ 
а+ ргеззиге оЁ 110 volts enters at the | wt и 
terminals A, B, flows through the "TE 
fuses Е, Е, through the switch blades 
D, D, and thence on to the bank of 
lamps assumed to consist of 8 lamps 
connected in parallel or in shunt to the 
terminals of the power line. If- the 
lamps have resistance each of 220 ohms, 
one-half ampere will pass through the 
individual lamps; hence, 8 lamps will 
pass 4 amperes. 

Now the voltage of this circuit may 


Fig. 58—Wave Form of Secondary Induced Currents. 








- be measured by the voltmeter V which HOV. DG LEAD PL MINUM 


is an instrument of high resistance, 

taking a very small amount of current, Fig. 59—Electrolytic Interrupter Connected to an 
and the current can be measured by the - Induction Coil. 

ammeter A which conversely is an instrument of low resistance. In the problem cited 
ammeter A should indicate current of 4 amperes, and meter V pressure of 110 volts. Th 
power in watts = 4 Х 110 — 440 watts — 044 К. W. 


(a) Fuses. Fuses are required at points | F, F, to protect the generator connected t 
terminals A, B, from accidental short circuit or overload. These consist of lead or com 
position alloy wire which melts when more than a predetermined number of amperes pas 
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>. PRACTICAL WIRELESS TELEGRAPHY. 


The installation of all types:of a power or radio equipment are made in accordance with 
certain definite rules or regulations which have been adopted by the National Association 
of Electrical Inspectors. These rules vary slightly in different cities of the United States, 
but are generally in accordance with the national code. The installation of power or 
wireless apparatus should not be undertaken until these rules have been carefully gone over. 
The foregoing explanations and examples explain but partially the problems of ordinary 
electric circuits, but they serve to show certain fundamental facts which should be of some 
value to the elementary student of radio-telegraphy, 
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54 PRACTICAL WIRELESS TELEGRAPHY. 


It will be noted from the diagram of Fig. 65, the generator has two field windings, a 
series winding connected in series with the motor armature and a shunt winding connected 
directly across the D. C. line. The windings are disposed on each field pole of-the gen- 
erator so that the lines of force generated by the series winding and those of the shunt 
winding flow in the same general direction. When a motor generator of this type is subjected | 
to load, there will be a tendency towards a decrease in speed, but there will then be an in- 
crease of current through the series winding (because it is connected in series with the 
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Fig. 66—Circuits of Motor Generator with Differential Motor Field Winding. 


armature) which has the effect of increasing the strength of the generator field, thereby 
maintaining the voltage of the alternator fairly constant under variable load. Тһе motor 
of this machine has.a simple shunt winding with a speed regulating rheostat, connected in 
series. The voltage of the generator may be increased or decreased by means of the 


‘generator field rheostat. 


"The differential motor of Hie 66 has been explained in Pani 40. The рыш ра 
advantage of the motor generator in Fig. 66 is that it maintains a uniform speed under 
variable load which results in a uniform frequency of current at the terminals of the 


alternator. 
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| Fig. 67c— Details of 15 К. W. 500 Cycle Crocker Wheeler Motor Generator. | 


current at pressures varying between 120 and 380 volts with current output of 20.8 
| amperes. At normal saturation the generator and the motor fields require about 
2. Ans 29 X 110 
. 2% amperes each. The complete motor, therefore, is rated at 2 z42 
| | | | 46 


horsepower. - 


Fig. 67a shows the gen- 
erator and motor field wind- 
ings, the end plates and the 
oil gauge of the 2 K. W.500 
cycle motor generator. The 
machine completely assem- 
bled but with the rotary 


disc discharger removed is 
^. shown in Fig. 67b. 





_ Details of the 16 К. W. 
500 cycle Crocker. Wheeler 
motor generator are shown 
in Fig. 67c and the assem- 
bled machine in Fig. 67d. 
It is to be noted that the 
. . rotor of the generator is 

composed of two toothed 


# 








-лэрий /руәәлпр sjusurdes 1озеўпшшоә эц} 4e SUIPUIM sry} шол пәле) sdey, “ABM [ensn əy} 
ші DA[OADI оў әлпүешіе Əy} Sursneo (имоцѕ jou SUIIIM) SSUIPUIM poy 3unus əy} 03 SMOD 
osje pue ‘а ^y seusniq uSnozgj q ‘O 109 93njeunt əy} $19349 924nos темлојхо ue шол; 
JUILIND PIII :SMOTOF 69 “SLY JO 19119AuOO Алејол ƏY} JO SHNI Əy} JO uoneue[dxzq 

| ue11no Surjeuloj[e 10 uononpoud ay} 10} 12430 
oy} рие 210304 ® SE у 936101 ‘01 эпо (одпјешле оше5 Iy} по) SUPU JIUUSIP 
004 Sey Of ‘Sg JO 10j0ureuÁp əy} mq ‘JIM фэир put Suneuieie 4104 103 
элизеиме JUO uo SUIPUIM o[SuIis е SLY 69 “oly ит UMOYS Jo}IOAUOD Алејол 991, 


'*j93319AuO)) Алејод FO PNI үезпәшерип Я--69 ‘814 








| 


| 
il 


ког. 





24 TOA Ol 


| 


[| 
| 
[ШШ 


« 






И 'Jojgusuel) Orpei ® ој pojoeuuoo пәңл\ лоўеләпә8 
ош yy se зиэюще se jou эле Ady} osy “әдецол əy} лэло [o3juo» [[nj 
Surmo[[e зои jo одејшелрестр рәліеш əy} 5595504 Коца mq %әәлә 0j ooeds 5591 
eimboi ospe зошцовш 2599], 'poyr[duns st зјоцм % se әпщроеш ay} 10 uononijs 
-uoo dy} pue рэмиБэл эле sSunieoq ом mq “әопәц “+ а pu? 25 ‘у 1104 јој 31N} 
-eue o[Surs е JO osn ot ST sourqoeui ово JO олпјеој Sutusmounsip AL -"K[ddns. 
jo 921nos 77) °C ® шот} JUIN 8ш | тлі. | 
-jeuloj[e әуеләпәЗ о} АЦеиот5еэ0 зезѕоәцу РР PTAL ләшшен 1э010—89 “Bid 
родојфшо әле 4214223402 (40104 ЭЦ} з | 
pue 4010w0uKp әці--ләмәлиоо 
Алезо рие лозошечА #5 

‘эЗеол лозелэцэ.6 JY} JO 
потуеүп8әл эзо]о Ајошолхо oumboz 
цом s193j1usue3 yreds poyouonb | 
шума  pesn  siojereuss — J0jOtu 
ло} үециәѕѕә st э4Аз sty} JO 1816 
-оәці V ‘SUPU рјоц э43 ur 3091 
-1n5 JO мор әш JO поцелбәл 95015 
Клэл зупшлод sum} Əy} лэло Sut 
-лош peuo Surpi[s V 795%4 әўе]$ 
е UO рипом JIM Ә208)61691 9190. 
то su1nj jo Joquinu т sey ќиеішод 
тиоотерү-әчъ Aq pesn ә44) доо 
-uy ‘вэлош ште joejuoo оштру 
в YOM ләло Spnjs 55814 03 ројоои 
-uoo pu? ѕүелләуш ye podde} st әлім 
әцт, ese» још е ш pojunou 
т јпошоо Зицерзит gooidjeou | | 
е ur pexeq әлл\ eoutjsrea1 uomnisodumo jo [ro У 89 “ЗІЛ ur UMOYS SI 5103619 
-пә8 1030 ҷум por[ddns yeysooyt рјо JO əd} ү-взеҙвоәци рта “ES 

| ‘этизеиле IY} ur зиэллио вәопріп 
Кдәләцу pue ѕ8шршм p[og pue этизешле әш пзомјед утоло әцәиЗеш ay} suedo 
pue soso[p 10301 ayy, 'ÁreuOntjs 9I? SSUIPUIM әлпуеште pue рјәу oy} 404 Y 





Д6. 2222 "SHOLVHSUNH2 мојом 








| 
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neath the brushes are connected to the collector rings on the opposite ends of the shaft 
the circuit continuing through the A. C. external circuit E. Тһе voltage of the alternating 
current will be maximum when the taps to the collector rings are underneath the brushe: 
and minimum when midway between the brushes. It is easily seen that as C, D revolve: 
and attains the position opposite to that in Fig. 69, the current taken from the collecto: 
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Fig. 70—Fundamental Circuit of Dynamotor. 


rings will flow in the opposite direction and therefore as the armature revolves an alter- 


nating current can be taken from the armature, the frequency of which varies with 


the speed. An important point in connection with this machine is that if the D. C. supply 
is 110 volts, the effective A. С. E. M. Е. cannot exceed 77 volts. . If 110 volts is desired а 
small step-up transformer must be used. T — 

The А. C. voltage of the converter may bd increased by increasing the speed of the 
motor, but the frequency of the current increases simultaneously. The converter does not 
permit the nicety of control of the voltage and the frequency as does the motor generator 
and, therefore, it operates at a disadvantage. 

The circuit of the dynamotor is shown in Fig. 70. Неге the armature coils for the 
production of alternating current have no connection with the coils for direct current. 
The two windings are mounted on the same core but in separate slots. The А. C. winding 
can be given the correct number of turns so that 110 volts A. C. may be obtained when 


the armature is connected to 110 volts D. C. 
Fus 


ARMATURE 





|| 


Os 
о 


10Ү01Т D.C: 
Fig. 71—Cutler Hammer Starting Box Connected to a Simple Shunt Wound Motor. 


A small number of either of the foregoing types of machines are used by the Marconi 
Wireless Telegraph Company of America. Тһе rotary converter is very popular abroad. 


55. The Motor Starter.—It has been mentioned in Paragraph 40 that 
the counter E. M. F. of a motor armature is very low upon starting, and if the 
terminals of a motor were connected directly to the source of current, an exces- 
sive current would flow which might injure the commutator or burn out the 
armature windings (unless the circuit is properly fused). А motor starter is, 
therefore, required to reduce the starting current to a safe value. ыы. 
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PRACTICAL WIRELESS TELEGRAPHY. 


PART VI. 
THE RADIO TRANSMITTER. 


CONDENSERS—OSCILLATION GENERATORS—RADIATION OF ELECTRICAL WAVES— 


DAMPING OF OSCILLATIONS. 


densers. 86. How to Place a Charge in a Condenser. 87. Analysis of a Spark Discharge. 
88. Effect of Resistance on Oscillations. 89. Electrical Resonance. 90. The Open Circuit 
Oscillator. 91. The Length of the Electric Wave. 92. The Determination of Wave Length | 
From the Inductance and Capacity. 93. Logarithmic Decrement of the Oscillations. 94. 
Methods of Exciting Oscillations in an Aerial. 795. The Reaction of Coupled Circuits. 96. The 


Standard Waves of Commercial Wireless Telegraphy. 97. Fundamental Circuit of a Complete 


SPARK DISCHARGERS—OSCILLATION TRANSFORMER 


100. 


Radio Transmitter. 98. Simple Explanation of the Circuits. 99. Numerical Values for a 
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PART VII. | 
APPLIANCES FOR A RADIO TRANSMITTER. 


In General 101. Spark Dischargers for Radio Telegraphy. 102. Adjustment of the Spark Note. 
103. Oscillation Transformers. 104. Aerial Tuning Inductance. 105. The Short Wave Condenser. 
106. High Potential Condensers. 107. High Frequency “Choking” Coils. 108. High Voltage 
Transformers. 109. Reactance Regulators. 110. ‘Aerial Changeover Switch. 111. Transmitting 
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PART VIII. 
AERIALS OR ANTENNAE. 


. | . е у Р 
83. Methods of Generating Radio Frequency Current. 84. The Condenser. 85. Connections for Con- A 


8--СО NDENSERS—TRANSFORMERS 


112. Function of the Aerial 113. Determination of the Wave Length From the Dimensions of . 


124. In General. 


an Aerial 114. Fundamental Considerations. 115. Various Types of Aerials. 116. Directional 
Aerials. 117. Standard Marconi Aerial 118. The Deck Insulator. 119. Installation of the 
Aerial 120. Earth Connection. 121. Radiation. 122. Antenna. Decrement. 123. Transmis- 
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PART IX. 


RECEIVING CIRCUITS, DETECTORS AND TUNING APPARATUS. 
| STANDARD MARCONI RECEIVING SETS. | | 


125. The Problem. 126. Simple Receiver. 127. The Inductively Coupled Re- 
ceiver. 128. Other Methods of Coupling. 129. The Carborundum Detector and Tuning Cir- 
cuits. 130. Adjustifient of the Inductively - Coupled Tuner. 131. The Action of. the Car- 
borundum Crystal. 132. Adjustment of Crystal Detectors. 133. Detector Holders. 134. Classi- 
fication of the Receiving Detectors. 135. Fleming Valve Detector and Tuning Circuits. 136. 
Marconi Type 107-A Tuner. 137. Marconi Magnetic Detector and the Multiple Tuner Circuits 


(English Marconi Company). 138. The Marconi Type 106 Receiving Tuner. 139. Marconi 


Receiving Tuner Type 101 (American Marconi Company). 140. The Marconi Universal Re- 


‘ceiving Set (English Marconi Company). 141. Electrolytic Detector. 142. The Three Element 
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Valve Detector. 143. А Repeater Vacuum Valve Circuit. 144. The Vacuum Valve Amplifier. | 
145. Amplification of Radio Frequencies. 146. The Effects of Distributed Capacity. 147. Тһе. 


*End Turns" of a Receiving Tuner ond End Turn Switches. 148. Тһе Variation of a Radio 


Frequency Inductance. 149. Buzzer Excitation Systems. 150. Receiving Telephones. 151. Mi- 


crophonic Relays ог Sound Intensifiers. 152. Brown Amplifying Relay. 153. Atmospheric 
154. The Marconi Balanced Crystal Receiver (English Marconi Company). 155. 
Type I Aerial Changeover Switch. 156. Marconi Type 112 Receiving Tuner. 156A. General 


Electricity. 
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РАЕТ Х. : 
AUXILIARY APPARATUS OR EMERGENCY TRANSMITTERS. 
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2 PRACTICAL WIRELESS TELEGRAPHY 


4. Magnetic Induction.—A piece of soft iron placed in the magnetic field 
of another magnet, becomes temporarily magnetized and will have two unlike 
poles. Magnetism thus induced in a piece of soft iron is said to be due to 

| magnetic induction. И, for example, the north pole of a steel bar magnet be 
| placed near to a bar of soft iron, the end of the iron bar nearest to the magnet 
| will exhibit south magnetism and the opposite end north magnetism. It should 
be understood that magnetism can be induced in the iron. bar whether in direct 
Ж contact with the inducing magnet or slightly separated from it but when the 

exciting magnet is removed, the induced magnetism will practically disappear. 

5. Permanent and Temporary Magnets.—Because a bar of soft iron re- 
tains its magnetism only while under the influence of a given magnetizing force 
it is called a temporary magnet. On the other hand a piece of steel, when once 
 magnetized, retains its magnetism permanently, and thereafter is known as a 


permanent magnet. 


LINES IN. OPPOSITE DIRECTION 
REPULSION 








----- 


~ 
~ ~ = = = “77” 


= ~ > = => 


(ЕЗГІ 
== 
А d 
Beet Up: 


> 


— -- = = = 


ч= — = — =” 


~ a => 
== = ex == <= 


Fig. 2—Diagram Showing the Attraction and Repulsion of Magnetic Fields. 


The power of steel to resist magnetization and once in this condition to resis! 
demagnetization is termed its retentivity. Steel possesses greater reten- 
tivity than iron because, as previously mentioned, soft iron becomes saturatec 
with magnetism very quickly and loses it almost immediately when the inducing 
magnetic field is removed. | Lr. 

The capability of any substance for conducting magnetic lines of force i: 
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PART II. 


THE PRODUCTION OF ELECTROMOTIV 
| . . FORCE. 
ELECTRIC CURRENT AND CIRCUITS. 


8. ELECTRICAL CURRENT. 9. CLASSIFICATION OF CURRENTS. 
10. ELECTROMOTIVE Force. 11. Сомростов$ AND INSULA- 
TORs. 12. Рворџсттом OF ELECTROMOTIVE Force, 13. ELEc- 
TRICITY BY Friction (STATIC ELECTRICITY). 14. ELECTRICITY 
"ву CHEMICAL ACTION (PRIMARY ов SECONDARY BATTERIES). 
15. SEcoNDARY CELL. 16. CURRENT STRENGTH AND QUANTITY. 
17. ELECTRICAL RESISTANCE. 18, GROUPING OF ELECTRICAL 
Certs. 19. Онм'ѕ LAW AND PRACTICAL APPLICATION. 
20. DIVIDED Circuits. 21. ELECTRICAL Work. 22. ELECTRICAL 
HORSEPOWER. 23. DEFINITION OF ELECTRICAL UNITS. 24. Cum- 


RENT OUTPUT AND VOLTAGE OF VARIOUS CURRENT SOURCES. 

8. Electrical Current.—When we speak of a current of electricity as flow 
through a wire or circuit we simply express іп а convenient way certa 
phenomena associated therewith. We do not, in fact, know what actually tra: 
pires in the transfer of electricity from point to point in a conductor. Electricia 
generally agree that а so-called "current" of electricity flows in a definite dir: 
tion throughout a given circuit, but there is no direct evidence at hand to pro 
the actual existence of a “current”, in the commonly accepted meaning of t 
word. The term, however, is universally adopted to designate the flow of ele 
tricity from point to point in an electrical circuit. | 


.9. Classification of Currents.— Electrical currents are called direct if th 
flow in one direction throughout a given circuit, and alternating if they сс 
tinually reverse, flowing first in one direction and then in the other. 

А primary current is said to be one which flows directly from a generati 
source. А secondary current is one induced by a primary current acting 1 
ductively.on a circuit having no direct connection with the primary circt 
A current is said to be of low tension when its pressure or voltage is re 
tively low, and conversely, it is said to be of high tension when its presst 
or voltage is relatively high. | | | | 

10. Electromotive Force.—In order to produce а steady electrical curre: 
two conditions are necessary. There must be a steadily maintained elect 
pressure known as electromotive force and a suitable conducting path to p: 
the current. | | : Же i 

11. Conductors апа Insulators.—A metallic circuit іп which а current 
electricity flows with little opposition is said to be a conductor; one whi 
offers considerable resistance is known as a partial conductor, but a substar 
which completely impedes the flow of current is termed an insulator. It shor 
be understood at the beginning that these terms are purely relative for an ab: 


lute insulator or a perfect conductor does not exist. | : 
The best conductors of an electric current among the common metals, in order 

their inicgeasing т resistance, are silver, copper, gold, aluminum, zinc, iron, platinum а 
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exposed terminals of these plates are joined by a metallic conductor, the cell is capable c 
supplying a continuous flow of electricity through the wire. It is observed as the currer 
flows that the zinc strip wastes away, in fact, the consumption of the zinc furnishes the electrc 
motive force necessary to drive the current through the cell and through the external circui 
The chemical changes within the cell, consisting of copper and zinc strips immersed in 
dilute solution of sulphuric acid may be briefly described as follows: When the coppe 
and zinc strips are connected together by a metallic circuit and the current begins t 
flow, the sulphuric acid attacks the surface of the zinc plate and forms a compound know 
as sulphate of zinc. During the formation of this sulphate some of the hydrogen containe 
in the sulphuric acid is liberated in the form of bubbles which immediately appear on tL 
copper plate. Some of these bubbles rise to the surface of the liquid and escape into su 
rounding air, but others cling to the copper plate which gradually becomes covered with 
lm of hydrogen. Since hydrogen is a non-conductor of electricity, the amount of surfac 
of the copper plate in contact with the battery solution gradually decreases as the accumul: 
tion of hydrogen gas increases, and accordingly the current output of the cell diminishe 
In electrician’s parlance the cell is now said to be “run down." Part of this reduction ‹ 
current is due to the fact that hydrogen tends to set up a current within the cell in tł 
opposite direction to the normal flow as well as cover the copper plate. A cell in th 
condition is said to be polarized, and various chemical and mechanical means have bee 
devised to prevent the hydrogen bubbles clinging to the copper plate. 

An electroscope (a device for determining the presence and nature of electr 
charges) indicates a strongly negative charge at.the exposed end of the zir 
element. Тһе zinc plate is therefore known as the negative (—) pole of tk 
сей, and the carbon or copper terminal, the positive (--) pole of the cell. 

We learn from this that the action of the battery solution upon one plate mot 


than on the other tends to keep the plates in a continuous state of electrificatioi 
the stronger manifestation being exhibited at the exposed end of the zinc pla: 
and it is this difference in pressure which causes the current to flow round tl 
external circuit. | 


The direction of the current inside the cell will be from the zinc plate throug 
the solution to the carbon plate and outside the cell from the carbon plate throug 
a metallic conductor to the zinc plate. | 

Тһе conducting fluid in which the elements of the electric cell аге immerse 
is known as the electrolyte or the exciting fluid. Тһе plates and the netall 
terminals attached thereto are termed the poles or electrodes of the cell . 
number of cells connected together are known as а battery. 

The type of cell just described is called a primary cell* to distinguish it го! 
а storage or secondary cell which will be described in detail further on. 

— Tt has been mentioned that the electromotive force or corresponding flow of current pr 

duced by the electrochemical cell is caused by.two dissimilar elements. The list of meta 
given below are arranged in such order that any single element will be the negative pole « 
the battery when used with the metal next below it on the list, and the positive pole whe 
used with the element next above it. E 


(—) Sodium Iron 
Magnesium = Copper 
Zinc ‚ Silver 
Тїп Gold 
Cadmium Platinum 
Lead Carbon (+) 


Referring to this list, although there will be a difference of potential, and consequently a flo 
of current between carbon and copper if joined together by a wire and immersed in a batte: 
solution, there will be a very much greater electromotive force if carbon and zinc are employe 
|. 15. Secondary Cell—A simple secondary cell popularly known аз 
"storage battery" consists of two or more plates of lead placed in a dilut 
solution of sulphuric acid as in Fig. 4. One of the plates in this diagram 
connected to the positive terminal of two primary cells (connected in series 
and the other plate to the negative terminal. When current flows frot 
the primary battery for some time through the solution from plate to plate as i 
Bio 5 and afterwards the wires from the primary battery are disconnected an 
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‘termed the coulomb. We must not confound the measure of the total quant 
of electricity in a given circuit with its strength or rate of flow. Тһе strength 
an electrica! current should be described as the rate of flow of electricity throu 
а circuit per second of time. When one practical unit of quantity of electric 
(one coulomb) flows every second continuously, the rate of flow or the streng 
of the current is said to be one ampere; if three unit quantities flow continuou 
every second, the strength of the current is three amperes and so on. | 

The strength of the current in amperes will be seen to be independent of 
length of time the current flows in a given circuit whether it flows for a fraction 
а second, a minute, or an hour ; if the quantity of electricity that would flow in c 
second is the same іп any two or more cases the current in amperes is the san 


We may now define the coulomb as the quantity of electricity that would р; 
in one second through a given circuit in which the strength of the current is c 
ampere. | | 

If a current of one ampere flows for three seconds, the quantity of electric 
delivered is three coulombs, or if three amperes of current flow for one secot 
the quantity is also three coulombs. From this we see that the quantity 
electricity in coulombs is equal to the current strength in amperes multiplied 
the time it flows in seconds or, | 


(OE b 
Where Q — Quantity of current in coulombs, 
-І-- Current іп amperes, Y 
and + = Time in seconds. 


Hence to find out the quantity of electricity that flows around a circuit in ten minu 
when the strength of the current is ten amperes, we substitute the value of I and t in t 
equation and multiply or, О = 10 Х 600 — 6,000 coulombs. ; 

It is more convenient in electrical practice to measure the strength óf the current 
amperes than to compute the total quantity of electricity flowing; hence, when we speak 
the current available from а given electrical source, we employ the unit, the ampere, wh 
indicates the rate at which it flows. | | | | 

In electrical equations the ampere is represented by the letter I. Instrume: 


for measuring the strength of current are called ampere-meters or ammeiers. 


17. Electrical Resistance.—lí the terminals of a primary or seconda 
cell, or a battery of cells, are connected to a length of copper wire and а curr 
measuring instrument such as the ammeter, connected in series with the circi 
a much greater reading or deflection of the ammeter will be obtained witk 
given length of copper wire than with an iron wire of the same length a 
diameter. This experiment indicates that a cell producing a constant E. M. 
(abbreviation for electromotive force) can force a very much stronger curr 
through a copper. wire than through an iron wire of the same proportions. 7 
тау conclude from this that iron offers a higher resistance to the passage 
electricity than copper. 

Resistance in electrical circuits may be defined as that property of bodies wh 
opposes the flow of electric current. Just as water passes with difficulty throu 
a small pipe of great length, but very freely through a large pipe of short len: 
so, also, a small wire of considerable length and poor conducting qualities oppo 
the flow of electricity considerably, but a good conductor of short length 2 
large diameter offers but very little resistance. | 

АП substances are found to resist the passage of electricity but the resista 
of metals is by far the least. Of all metals, silver is found to be the best c 
ductor, and it therefore possesses less resistance than copper, for example. 
fact, the ability of silver to conduct electricity is taken as unity or the base fr 


which the specific resistance of other metals is computed. | 
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10 PRACTICAL WIRELESS TELEGRAPHY | 


-A series connection is made by joining the positive pole (the carbon plate) of 


one cell to the negative pole (zinc plate) 
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Fig. 6—Electric Cells Joined in Series. 


of the next cell, as shown in the diagram, 


Fig. 6. Тһе upper part of this dia- 
gram shows two chemical cells con- 
nected in series and the lower figure 
shows ten cells connected in series 
as they would be represented in or- 
dinary electrical diagrams. 

In the upper diagram of Fig. 6, current 


flows from the carbon plate of the cell 


through the switch S, through a concen- 
trated resistance coil В (which may be of 
German silver or other metal of high 
specific resistance) to the zinc plate of the 
right hand cell Тһе circuit continues 
from the zinc plate through the electrolyte 
to the carbon plate, from the carbon plat« 
to the zinc plate of the left hand cell, anc 
finally through the electrolyte to the carbor 
plate from which the flow originally began 
When the switch S in this diagram i 
opened, the circuit from the battery cell 
is said to be broken or interrupted; bu 
when switch S is closed, the circuit is calle 


a closed circuit, current flowing freely from the positive to the negative pole of the battery 
Now the total resistance of this circuit is made up of the resistance coil R, the re 
sistance of the connecting leads and the internal resistance of the battery cells, that is th 


resistance of the eiectrolyte from plate to plate. 
through this circuit, as will be explained in detail further on, is governed by the tota 


The strength of the current flowin 


E. M. F. of the cells and the total resistance of the circuit and since the internal resistanc 
of ordinary primary cells is rather high, it cannot be ignored in the grouping of cells. 


When cells are connected in series, the total electromotive force is that of one ce 
multiplied by the number of cells in the group (provided all cells have identical potential) 
but the strength of the current will not exceed that of a single. cell, and more likely wi 
be less, due to the fact that the total resistance of the circuit increases aS more cells a: 


added to the battery. 


Grouping of the cells in either series or parallel affects the tot 


internal resistance as follows: When a number of cells in a battery are connected in serie 
the total internal resistance is equal to the sum of the internal resistances of all the cell 


When a number of like cells are connected 
in parallel, the total internal resistance is 
equal to the resistance of one cell divided 
by the number of cells in the battery. 


A parallel connection is made by 
connecting the positive terminal of one 
cell with the positive terminal of an- 
other cell and the negative terminal 
of the first cell with the megative 
terminal of the second cell as in the 
diagram Fig. 7. The left hand figure 
shows the direction of the flow of cur- 
rent of two cells connected in parallel 


and by this connection, the total. 


electromotive force of the cells is no 
more than that of a single cell but the 
current available (in amperes) is that 
of one cell multiplied by the number 


of cells in the group. 
Applying this to the right hand dia- 
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| - E : . 4 > 
ог В = — 
1 
It is plainly evident that if we know any two of the quantities involved in this 
expression, the third may be readily determined. 
To illustrate: If the flow of current in a given circuit is 2 amperes and its total re- 
sistance 220 ohms, the E. M. F. applied to set up this value of current must have been, 
220 X 2 = 440 volts (E sly RS) ae 
As a second illustration we may take the case of an ordinary carbon filament 


lamp which takes 0.5 amperes under pressure of 110 volts. According to this law, the 
3 110 E 


‘resistance of the filament must be —— or 220 ohms (R = —). 


0.5 T= 


We learn from Ohm’s equation that to increase the flow of current through a 
circuit of fixed resistance we must increase the voltage. If the voltage be doubled, 
the flow of current is doubled and so on. By the same law if the flow of current 
through a given device and the pressure across its terminals can be measured, the 
resistance in ohms is obtained by simply dividing the pressure in volts by the 


current in amperes. 


Ohm’s law applied to the circuit of Fig. 6 yields the following results: If the coil R 
has a resistance of 9 ohms and the Е. М. F. of the cells is 3 volts, the strength of the cur- 
3 - | , 2 
rent throvgh В = — = 0.33 amperes (assuming the internal resistance of the cells and 
| 9 | 
connecting wires to be negligible). If R had 18 ohms resistance, 0.166 amperes would flow 
through the circuit. If, in the left hand drawing, Fig. 7, R has 9 ohms resistance and the 


| - 1.5 
E. M. F. is 1% volts, the current = — = 0.16 amperes. Also if R in Fig. 8 had resistance 
| 9 | ; 
4.5 | 
of 9 ohms, the flow of current would be — or 0.5 amperes. 
| 9 


If a number of electrical devices are connected in series as in diagram, Fig. 9, the cur- 


rent through each element is the same, irrespective of its resistance.. In this diagram a 


source of direct current potential of 100 volts is applied to the circuit comprising an 

electric lamp L, of 180 ohms, a resistance coil R, of 50 ohms, and a telegraph sounder S, of 

10 ohms. We may calculate the current flowing at any point through the circuit by first 

determining the total resistance. This, exclusive of the cells and connecting wires leading 
| 100 


therefrom, is 180 + 50 + 10 = 240 ohms; the current in amperes = —— == 0.41 amperes. 
| 240 


It 1s to be especially noted that the strength of the current through all the elements of 
this circuit is the same, irrespective of the resistance of the individual elements but the 
current is governed principally by the greater resistance, that of the lamp L. | 
If а voltmeter be connected to the terminals of any of the various resistance 

x elements of the circuit (see V in Fig 

CI Y 9), a difference of potential or elec 
tromotive force will be found to exis 
across the terminals that varies as th 
resistance and the strength of the cur 
v rents The electromotive force та; 
2 4 be calculated directly by Ohm's lay 
ww if the resistance and the current ar 
known. If the current flowin; 


through each resistance element 1 


OOVOLTS —— 
1 
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14 PRACTICAL WIRELESS TELEGRAPHY 


This may be expressed: 

= R XT, | 
where J = the electrical energy expended in the form of heat in joules. 

Тһе joule is defined as that amount of energy which is expended during one 
second, by current.of one ampere flowing through a resistance of 1 ohm and the 
joule per second is the practical unit of electrical power which has been named 
the watt. z 

| joules 
Since power is the rate of doing work per unit of time, watts — 
| time 
Hence if 2,000 joules of electrical work are done in twenty seconds, the power exerted 


2000 | | 
is —— = 100 joules per second = 100 watts. Power may also be expressed in the units 


20 
of pressure and current strength. The power in watts in a given circuit in which direct 
current is flowing is equal to the product obtained by multiplying the current in amperes 
by the electromotive force in volts or : 

МЕ “Ее 

Hence, if in any given direct current circuit we measure the pressure by а 
voltmeter, and the current strength by an ammeter, the power in watts is obtained 
by multiplying together the readings of each instrument. 


22. Electrical Horsepower.—The unit of mechanical work 15 а |001 
pound. It is the work done in raising a mass of 1 Ib. against the force of gravity 
through a distance of 1 ft. Work done at a rate equal to 33,000 ft. lbs. per minute 
is called the horsepower (abbreviated H. P.). 


One Mechanical H. P. — 33,000 ft. lbs. per minute — 550 ft. tbs. per second. Also it 
can be shown that 1 joule = 0.7373 ft. lbs., hence, 1 joule per second or 1 watt = 0.7373 





1 watt 
ft. lbs. per second. Therefore 1 ft. Ib. per second == с == 
- | 0.7373 | | 
ТН. Р watt 550 
Since 1 ft. Ib. per second = —— — or 5---,, therefore 1 mechanical Н. Р. = —— = 
5 550 0.7373 | 0.7373 
746 watts. % 
Now 746 watts — 1 mechanical H. P., therefore | 
W 
Ho P Of, 
Е 746 
TXE 
H. P. = — 
| 746. 


Where І — the current in amperes, Е — pressure in volts. 
For example, an electric motor requires 30 amperes current at pressure of 110 volts; its 
110 x 30 3300 | 
rating in Н. P. = ——— = —— = 44 horsepower. 
746 . 746 
1 kilowatt = 1000 watts = 1.34 H. P. 
Г. Р. = 746 а ој 2746 К: Му, 


23. Definition of Electrical Units.—The practical units of electricity may 
be defined as follows: 

The practical ний of electromotive force is the volt, and by definition the volt. 
is that E. M. F. required to maintain the flow of current of one ampere through a 
resistance of one ohm. 

The practical unit of current strength is the ampere, and it is that strength of 
current maintained by an E. M. Е. of one volt through a resistance of one ohm. 

The ohm is the unit of resistance and is such resistance of conductor or circuit 
ера М В су one VOLE 
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PART Ш. 
ELECTROMAGNETIC INDUCTION. 


THE DYNAMO—THE FLOW OF 


25. ELECTROMAGNETISM. 
PARALLEL CONDUCTORS.. 2 


ALTERNATING CURRENT. . 


26. Macnetic Ето Авоот Two 
7. THE SOLENOID. 28. INDUCED CUR- | 


SELF-INDUCTION. 


RENTS. 29. MUTUAL INDUCTION. 30. 
31. VALUE oF INDUCED E. M. Е: 32. THE DYNAMO. 33. DE- 
TERMINATION OF FREQUENCY. | 34. STRENGTH OF MAGNETIC 


FIELD. 35. DIAGRAM OF AN 
36. DIRECT CURRENT DYNAMO. 
POUND WounD Dynamos. 38. T 
EFFECT OF COUNTER ELECTROMOT 
DIFFERENTIAL: FIELD 
TURES. 42. DEVELOPMENT 
ALTERNATING CURRENT TRANS 
PACITY. 45. REACTANCE AND 
ACTANCE. 47. LAG AND LEAD OF 
FECTIVE VALUE OF 
49. MEASURING INSTRUMEN 
TION Соп. 51. PRACTICAL 


FOR 


25. Electromagnetism. 
phenomena surrounding а conductor catry 
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: : ton rent is turne 
— turn to its original p 





Fig. 1 Electric 


1—Deflection . of Cómpass Needle Ъу 
Сие 


up a magnetic field and the direction of w 
conductor. s 
If the current т 
compass is placed un 
towards the west; 1 
needle will be deflected towards the east. 
conductor, the needle will point in the opp 
¿L From this and other experiments we d 
“flowing. away from the reader, as in Fig. 
will be around the con 
94... tnd thea current 


a horizontal conduc 


fows towards the 


ALTERNATING CURRENT DYNAMO. 
.37. SHUNT, SERIES AND COM- 
не ELECTRIC Motor. 39. THE 
IVE For | 


WINDING. 41. | 
OF ARMATURE WINDINGS. 


IMPEDANCE. 
ALTERNATING CURRENT. 48. 
ALTERNATING К. 
TS OR ELECTRIC METERS. 
ELECTRIC CIRCUITS. 


An explanation of so 


- 15 passing is Ја 


* parallel t 


| tor 15 flowing towards 
der the wire, the nort 
f the compass 15 placed 


osite direction т 
educe that if the curre 


ductor in the direction. 


се. 40. Мотов WITH 
о AND MOTOR ARMA- 
.43. THE 
44, ELECTROSTATIC Ca- 
46. CAPACITY RE-. 
Er- 
M. Е. AND CURRENT. 
50. Тмрос- 


DYNAM 


MER. 


me of the more importa 
t follows: If a conduct 
a current of electrici 
id parallel to and abo 
a compass needle as in Вне. tat 
needle will tend to turn at a rig 
angle to the conductor, but if the ct 
d off, the needle will 1 
osition. As 
oned a magt 


ing curren 
through, which 


have previously menti 
suspended freely will tend to 

o a given magnetic fie 
hence, it follows from this expe 
ment that the flow of current throu 
the wire of (Fig. 11) must have 

hich is evidently at right angles 10 | 


the north, али 
edle will be deflec 
over the wire, the north pole ој. 
Or, if the current 45 reversed т 
each case respectiv 
nt in a conducto 
12a, the direction of the lines of fc 
of the hands of a clock. If, on 


der as in Fig. 12b, the directior 
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18 PRACTICAL WIRELESS TELEGRAPHY. 


way, when the current rises, the lines of force move away from the wire 1 


-when the current falls, the lines of force collapse back upon the wire. 


The general direction of the magn 
field around a horse shoe magnet is shc 
in Fig. 16. If the direction of the flow 
current from the battery around the convc 
tions of the two coils is as indicated, 
left hand pole has north magnetism and 
right hand pole has south magnetism. 
piece of soft iron A placed near to the · 
of the poles will be forcibly drawn to tl 
and will only be released when the curi 
is turned off. If a coil of resistance v 
R, such as a German silver resistance re 
lator, is connected in series with the wi 
ings, the strength of the magnetic field 
be closely regulated. If high values of 
sistance are inserted, the current may be 
duced to a degree that the magnet will ba 
attract the piece A. Variation of the « 
rent flow would affect the field of a stra 
solenoid winding in the same manner. 
point to be taken from this is that when: 
electromagnets are employed for mechar 
work such as lifting masses of iron or 
exciting the magnets of a dynamo or mc 
the strength of the field can be regul 
over certain limits by a simple variable 
sistance. 

If a horse shoe of hard tempered stee 
inserted in the magnetic windings in р 
of the soft iron core and allowed to ren 
{ог a few seconds, upon removal it wil 
found to be permanently magnetized. 

We have explained that the directio: 
the magnetic field around a conductor 
pends upon the direction of the flow of 
rent. It is clear that if the current of 
magnet in Fig. 16 is reversed the pol: 
will be reversed as shown in Fig. 17. 


Рів. 12b—Showing Lines fuu Towards Reader. Тһе strength of the magnetic f 

| about a solenoid can be varied: 
fluxes of opposite directions as shown in Fig. 18. The solenoid windi 
A and B are wound in opposite directions connected in series and fin 
to the terminals of the battery. Since current flows through the two coil: 
opposite directions their magnetic fields are repellent and if the coils 
telescoped together (one within the other) the magnetic field will be пе 
destroyed. If the two coils are partially telescoped, the resultant magnetic 1 
varies accordingly. Advantage 15 
taken of this principle in construct- 
ing an instrument known as the 
variometer, which is particularly 
useful for tuning wireless telegraph 
circuits. 


The electromagnet in some form is 
employed in nearly all electrical ma- | | P 
chinerv. and, therefore, the laws Om elu dpt Ре TU 8 А + лз Two Сана вена % 
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20 PRACTICAL WIRELESS TELEGRAPHY. 


The direction of the current induced 
S should be observed. When the lines 
force increase through S, the induced pr 
sure is counter to: that which origine 
flowed in winding P, but when the li 
.of force decrease through S, the indu 
current has the same direction as the or 
inal current from the battery throt 
winding P. : eS 

It is clear that the lines of force ir 
are in the opposite direction to those wh 
set up the current in S. The field of fo 
created around S therefore reacts uj 
winding P tending to build up a curr 
in opposition to that already flowing in 
That is, the change in strength of 
primary current in P induces a second 
current in S which in turn induces a b 
pressure in P. The induction due to 
two circuits reacting upon each ot 
is called their mutual induction which 1 
measurable quantity. 


BU. | 30. Self-Induction. — We В: 
+ - | seen that the expanding field of wt 
- | | | | : | ing P induces an electromotive fo 
| 7 - ош winding. 62: Similarly Шеп 
Fig. 16ге Magnetic Field of Horse-shoe Magnet with produced by each turn in winding 
urrent Flowing in Definite Direction. e 471 e 
will cut neighboring turns, thereby 
ducing in them electromotive for 
222 that tend to oppose the E. М. Е. 
- the original current. On the ot 
hand, when the current in winding 
diminishes, the lines of force contt 
and thereby induce  electromot 
forces in adjacent turns, that tend 
set up currents in the same direct 
as the original current. | 
This inductive action of a coil 
conductor upon itself is called s 
induction, | 
Self-induction may be defined 
the property of a circuit that tend: 
prevent any change in the strength 
current passing through it. This 
clear from the fact that self-indu 
currents either tend to prevent 
rise or the fall of current throug! 
circuit. x 3 | 
Тһе effects of self-induction 
noticeable only in direct current . 
cuits when the current is turned 
and off, but in alternating curt 
| circuits they are ever present... 


| ur m [| T | = conductors have self-induction, 


VS 








S 
N NX 


E Хх 


amount depending upon their size : 
shape. Coiled wires have grez 


self-induction than a long strai 
ен А. 433. AE Or Ч ое зима 






Fic. 17—Showine How Magnetic Field Reverses 
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1,000 centimeters — 1 micro-henry; 
1 
1 micro-henry = ——————Пһепгу; 
1,000,000 
1 
1 milli-henry = ——— — — — — henry; 
1,000 

The inductance of a given circuit is generally calculated by one of several formula 

31. Value of Induced E. M. F.—Referring to Fig. 19: The electromc 
force induced in winding! S is conditioned on the ratio of the turns in the two win 
and the rate of the change of flux threading through S. For instance, if P has 100 · 
of comparatively coarse wire such as No. 14 or No. 16 B. & S. wound over an iron 
and S has many thousand turns of fine wire such as No. 36 B. & S., an electromotive - 
of several hundred thousand volts may be induced in S. Should winding S have less : 
than winding P, the E. M. F. induced in S will be lower than that of winding P. 
vantage of this principle is taken in the design of the apparatus known as the indu 
сой, іп which the circuit of P is interrupted from thirty to one hundred times per se 
Then if winding 5 is given a large number of turns and its terminals are separated 
space of several inches, the voltage may be so great as to jump the gap in the form « 
electric spark. а 

To properly distinguish the various circuits, winding P is called the primary; windi 
the secondary winding. The current in P is termed the primary current and in € 
secondary current.. um 





Ff 
Fig. 20—-Fundamental Diagram of Simple Alternator. 


32. The Dynamo.—We may briefly define the dynamo as a machine 
converting mechanical energy into electrical energy by the prineiple of ele 
magnetic induction. But unlike the simple battery or storage cell the dyn 
may generate either direct or alternating current. Alternating current dyna 
are frequently called alternators. Тһе student can nearly always disting 
between the two machines by observing the part of the dynamo at which 
current is collected. Tf the brushes rest on a commutator made up of a nur 
of copper segments separated by insulating material, it will be a direct cut 
dynamo, but if the brushes simply rest on two brass rings, it will be an alterna 
current dynamo. : ' 

The fundamental principle of the dynamo follows: Whenever a coil of - 
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shown at point D. From this point the E. M. F. decreases to zero or when the rectang 
А, B, is in the position of 16-8. This curve depicts the gradual rise and fall of the E. M. ] 
in a dynamo coil and is known as a sine curve, the plotting of which is explained in tl 
principles of co-ordinate geometry. Тһе curve shows the relation between time (fractio: 
of-a second) and the strength or amplitude of the current at any given point during tl 
complete revolution of a dynamo coil. The сигу? represents a complete cycle of alternatin 
current. Vertical lines drawn from the horizontal A, B, represent time in fractions of 
second. Тһе horizontal lines drawn from the successive positions of the coil, 1, 2, 3, 4, ек 
correspond to the position of the dynamo coil at any particular instant. At points whet 
the horizontal and vertical lines intersect, a common line is drawn connecting them, whic 
results in the wave-like curve. | : | Er 
33. Determination of Frequency.—The frequency of an alternating cu 
rent dynamo is expressed in cycles per second. We see from the previous par: 
graph that one complete cycle of current is generated when A, B, makes a sing 
revolution. Hence if А, B, rotates 60 complete revolutions per second, there wi 
be 120 reversals or alternations of current per second. Since two alternations « 
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| IN CASE OF 500 CYCLE ALTERNATOR 
. Fig. 22—Sine Curve Showing Rise and Fall of Current during One Complete Cycle. 


10 
~ll 


current constitute a complete cycle, the frequency of this generator is said to be | 


cycles. 


The frequency of any alternator may be determined by first counting t 
number of field poles and by measuring the speed of the armature per second 


time, Of | P Set 


NXS 


Frequency = 





| 2 
Where N — the number of field poles; | 
S — the speed of the armature in revolutions per seconc 
. Direct reading frequency meters are in daily use. They are connected 
shunt to the power circuit like the voltmeter. (Frequency meter 15 described 


Paragraph 49, section C.) 


34. Strength of Magnetic Field.—The strength of the magnetic field abo 
the poles N and S, Fig. 20, is proportional to the strength of the current in amperes and 1 
number of turns of the сой. Тһе strength of the magnetic field is the same whether 
current of a large number of amperes is flowing through a few turns of wire or a relativ 
weak current flows through a greater number of turns. Тһе turns of the field windi 
of any dynàmo are of a fixed number; hence the scrength of the magnetic field is regulai 


еы 44 9, 44 
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are (1) the density of the magnetic field and (2) the speed of the dynamo arma- 
ture per second. We see from this that the voltage of any generator may be 
increased by increase of the speed of the armature or by increase of the strength 
of the magnetic field surrounding the armature coils. Commercial generators are 
built usually for constant speed. Regulation of the voltage is obtained by means 
of the field rheostat. | 

35. Diagram of an Alternating Current Dynamo.—The essential parts of 
an alternating current dynamo are: 

| (1) Field Magnets. 
(2) Armature. 
(3) Collector Rings. | 

'The diagram of Fig. 23 is merely intended to show the general details of the 
construction and connections of an alternating current dynamo. The field poles 
which are firmly bolted to the circular iron framd are represented by N, 5, N, S 
the armature at M and the collector rings at E, F. The field poles are wound 
alternately in opposite directions so that the current circulates about the turns in 
opposite directions, giving the, poles alternately north and soutlr polarity. The 
armature M is built up of a number of slotted sheets of soft iron which are pinned 
together and mounted on a common shaft, the copper conductors lying lengthwise 
of the core in such a way that the coils will be filled and emptied with magnetic 
flux (coils not shown). If these coils are properly connected together, the 
currents induced therein (by the change of flux) will flow in the same gem 
eral direction, the voltage of one coil being added on to that of the next coil 
It is to be especially noted that the source of continuous or direct current foi 
exciting the field poles of an alternator is generally supplied from an externa 
source which may be either a small direct current dynamo known аз an excite: 
or a battery of storage cells. In most cases encountered in wireless working, th: 
E. M. F. of the direct current source is 110 volts and the turns of the fiel 
winding are of such number that the correct amount of current flows with smal 
amounts of resistance in series at the rheostat К. Аз already explained, thi 
resistance is known as the field rheostat or field regulator. 

When the armature М revolves at a uniform rate, an alternating current is induced 1 
the coils. which is collected by the brushes Е, F in contact with 2 collector rings, the volt 
tage varying with the design of the machine. For purposes of wireless telegraphy th 
voltage of the generator may vary from 110 to 500 volts and the frequency of the curren 
may vary from 60 to 500 cycles standard frequencies being 60, 120, 240 and 500 cycles. 

ТЕ the armature of Fig. 23 were revolved 1800 revolutions per minute; current at - 
frequency of 60 cycles per second would be obtained from its armature. Remembering th 
formula given for determining the frequency we see that in a complete revolution of th 
armature any point passes through four fields which would set up four reversals of curren: 

| AUR If the armature revolves at the rate o 

ow 1800 revolutions per minute, correspondin: 

to 30 revolutions per second, there wi 

be 4 X 30 or 120 reversals of curren 

or a frequency of 60 cycles. If the genera 

tor Фай 32 field poles, the frequency wi 

be 32 X 30 or 960 alternations correspond 
ing to 480 cycles. 

The student should understand that th 
foregoing description and drawing simpl 
show in an elementary way the constru 
tion and functioning of а generator. ТІ 
diagram is merely intended to indicate tl 
connections of the machine, the directic 

of the magnetic lines of force and tl 
method by which the voltage generated 1 


> 





аман i 0 Ле ео ео MA veli Ree 
03 әпр sr јподлпо Əy} jo Surp[mq perur 
943 324} SI Joe} eu], споцош озш 3nd 3810 51 
3 ПӘЦА add} sty} jo ourgoeur е ш dn jos SI 
заэллио MOY uonsonb Хеш juepnjs әц/, 
°56тотеләпә8 JO 
| sodA} 1931e[ әш ш пәлә Пешз A[oAnre1eduroo 
= i 3 199] UI SI Про? JUNYS əy} ur SUIMOE juolIno 
90} ЈО цӘиә.8 оф Inq ‘тол јеџлојхо pue 
әлпүеште ƏY} 10 o2utjsIsoIl oy} п®ц} лә)еә18 
SÁeA[e SI шоло зипц$ əy} jo. 9523515 
-94 993 ‘зоитецАр qunus pousisop Пэм и] 
ue "NII [euiojxo әш 
‘19440 әт pue јтоло р]эц oy} Sureq ouo 
әшцовш siy} jo oinjeunre əy} шолр ѕмор 
H se фпәліпо Əy} 0} ројпогола әле sujed 
OME ‘ЭДА ә$теоо Á[oAnereduoo әлец 
5109 әлпісшле әп) веәләцм “рәлпһәт хар 
243 Aq рәптәлоВ8 81124 sum} jo лодшти 
penpe oy} ‘ssm pojepnsur әш; Ајолцелед 
"шоо jo summ} jo Joquinu эзлер е јо рәѕойшоә sı ошепАр yunys әш jo SUIPUIM рјоц 
ЭЧТ, `8шмор јполлио әп јо 4139245 о) JO эзеолоэр ло әзеәләш пе $угшләЧ М ye оло 
PISU 99} Q^ Senes ur pojoeuuoo 3е}ѕоәці 8шуеүп8әлт y ‘q pu? 2 sjurod је поло ƏN} 
-EWE ƏY} 550106 poddej эле SUIPUIM рәү әш jo ѕ]ешишлә} oY} элэцм ‘CZ "Spp “шел8етр әп 
Up UMOYS в 9UH[D?UI SIY} лор JMI од], 'oureu&p рипом јитуг е ројео SI з *oueuÁp 3uoI 
“thd JIP E jo soysniq ay} 55одов рэ@4ез эле зшршм р]эц 293 јо s[euru9j 94} Ud м 
"Jnjeuut UMO SH UIOJJ pourejqo sr р]эц 
oY} 10 uonejrxe лор јполлио ƏY} foureuÁp зиэллио рәлр о и] ‘FINOS [еплә}хә 
пе WOI peurejqo sr упәлтпә sty} yey} put ошеиќр juoirmno Зицеилоде ue 10 
SSUIPUIM Poy од) 4810143 мор 3snur JUIN 329Jrp Jo snonumnuoo yey} peure[dxo 
Ареэще әлеу ә/Д--вошеиА(Т punoAA punoduro) pue “әгәс ЧЗипце '/2 
'OuruÁp əy} jo иЗіѕәр əy} uodn Surpuodop 
SJUSUISIS OGT 03 (06 шолу әлец Кеш soureuÁp [ero1oumnuoo пт S103ejnumuoo ‘ет и] ‘рэлиаБэл 
51пәш8ә$ лојејпцимоз jo зәдшпи әц} eq M јојеол8 ош 5109 одпјешле əy} 10 Joqunu 
oy} лојеола ou], 'eoe[d ләп; exei [JIM Jas доцјоше ‘IOF 10 SOUT] оф) jo Sunjno итиихеш 
jo uonrsod əy} sessed spod jo 355 ouo Ајојетрошии zey} os 59295 ІП Woy} Surj»suuoo 
pue злпјешле əy} јо $400] jo лофшти e Sununou fq ләц}опе опо 4ерәло о} әреш әле 
suones[nd əsəy} ‘st Jey, 'snonunuoo Аүеопоел@ st зиэллио 94} 1693 Á[prder os 19410 цово 
мојој put ojnurur os эле suorntesqnd əy} “оо Jo 1oquinu 3eoj8 е jo posoduioo SI олпјешле 
oureuÁp о) ур поло Sunes[nd e $э3елэцэз Kj3I[€91 UI Јоде] о · oureuÁp əy} шолу рәштеҙ4о 
94 jouug» 5]]әә үеопшәцә уо Á1ojjeq е шол pourejqo ҙе әз 1пәллпә Jo мор Хрвоје V 
| 'S2A[OA9I 
Я У Чота је әуел әгі jo oAnoedsoii JMI [euiojxo оф ш поцоәлр эпо ur мор JM заэл 
n» әш SNYL “A Чеп: jo peəzsur ү епі YM JTC. зэдеш Mou g јпош8ов лојејпш 
-шоэ 3843 puru: ur does jsnur эм mq 'p[og лои оф) ц8полцз Sunjno sem 4 UYM yey} 03 
K[e3rsoddo SurMOop st Я ur 3uouuno Əy} фәпоцпәш 0011504 puooes Əy} ш зе ose oos эм 
"Ә5ЕО 1514 
oy} UP Se попоолр әшез OY} ш jID2JD) јеплојхо OY} ш мор ТМ JUƏTINI әй 'o:opolou[ A 
ysniq шолу Кеме мор рл уаэллио оца ‘ploy you әп шт у џоцм ‘Алериис сы Ysniq 
>43 зрлемоз ‘St Jey} “у opis ur Ајлошлој рр у se а ш мор ПА 3ue1no əy} 'o[od uqjiou 
993 Jepun + eprs pue e[od ymos oy} ләрип 5908 Я opis је) os 1940 Á[ojo[duroo зилиз q ‘Vv 
TUM “A Ч5п19 0} gsniq шолу PNO јеплојхо әш ш мор олојолоц) PM јподлто Aİ, 
|04 (—) е Я зпәшЗ8әз pue эра (+) e әд А q зџәш3әѕ ӘП pZ “Sly ur UMOYS uonrsod 
Te[nonied әцу ur uou :Aol1e ƏY} JO попоолр әш ur uonejoi ur од 03 Я “y [102 əy} әшпѕ 
“SY :uopgeue[dxo SUIMO|[Og әш шолу хеојо од рүпоцѕ 10jejnuiuoo ou) jo uonounj 9971, 
“Ч ye se рео јеплојхо ue 
Ysnoiy} Я pue Я soysniq pros әш ЧЗполц} pojo[duroo st Я “у Чоо] әҙ шолу 
Pn OYL “(у2 “ОІМ ur uMous) 3уе4$ әлпуеште or шолу poje[nsur Атудполоцј st 
prym ‘q ‘О “53120 ому jo Зам лоддоо то 55814 345 e 10 53515000 1 шло} o[duurs 
UT .'3jeus SurALIp oJnjeuiie әш јо puo ouo uo posed sr yorym *40?p9muwo2 e Ач. 
вПоэ оптепАр-шолт рәптеҙдо st 3uoJ1no рэ —"отлеиА Jeng Pq ‘98 














| 


| 








bee момопакт OILANDVNOULOAIS 
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a piece of soft iron has been magnetized, no matter how soft the iron may be, à certain num- 
"ber of magnetic lines of force are retained when the magnetizing current has been turned 
off. These lines are known as the residual lines of force and the cores of the field winding 
are said to possess residual magnetism. — | : | 

When the dynamo armature is first set into rotation, the residual lines of force pass in 
and out of the armature conductors through the core, generating therein a feeble current 
which flows to the field winding and increases the number of lines of force threading through 
the armature coils. This induces a stronger current in the armature conductors which con. 
tinually adds to the strength of field until the normal voltage of the dynamo is established. 
Тһе complete process usually requires from 10 %о:50 seconds. After the generator armature 
attains its normal speed, the voltage across its terminals may be raised or lowered by the 
rheostat R. If the resistance of R is increased, the voltage diminishes, or if the resistance 
of R is decreased, the. voltage increases. 


A diagram of a series wound generator appears in Fig. 26. The field magnets 
of this type are wound with a few turns of thick wire joined in series with the 
| armature brushes and all of the cur- 
rent generated by the armature passes 
through the coils of the field magnet 
to the external circuit. The current in. 
passing through the windings of the 
field magnet, energizes them and 
strengthens the weak field due to the 
residual magnetism of the cores which 
results in a gradual building up of the 
magnetic field. Тһе important char- 
acteristic of this machine 1s its ability 
to furnish current at increased voltage 
as the load increases for it is clear from 
previous explanations that the greater 
the strength of the field current, the 
greater the strength of the magnetic 
field from pole to pole. Тһе strength 
of the field current flowing through a 
series wound generator, and therefore 
the voltage across its armature is reg- 
ulated by cutting out turns of the field 
through the medium of a multi-point 
switch or as may be done in the case of any type of generator, the voltage can be 
regulated by variation of the speed of the armature. 





Fig. 26—Circuit of Series Wound D. C. Generator. 


The compound wound dynamo combines the desirable characteristics of both 
the series and shunt wound machine, and it gives a better regulation of voltage 
on circuits of varying load than is possible with a dynamo of either type. A 
suitable diagram of connections appears in Fig. 27. The field magnets of the 
compound dynamo are wound with two sets of coils, one set being connected in 
series with the armature as shown at R, and another set in shunt to the armature 
and external circuit as shown at V. Тһе function of the series winding is to 
strengthen the magnetic field by the current taken through the external circuit, 
and thus automatically sustain the voltage under variation of a load. 


In the case of the shunt wound dynamo, as the external load is increased, the potential 
difference at the armature terminals will fall, but in the case of the compound wound gen- 
erator, this fall of pressure is counteracted by the series winding, the current which flows 
in it increasing with the Toad and causing the pressure to rise. The number of turns of each 
winding and the relative strength of current is proportioned so that a practically constant 
pressure is maintained under varying load. Initial adjustments of the voltage can of course 
be secured by means of a field rheostat such as shown at К-1. 
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ings. The type known as the differential wound motor appears in Fig. 29 and will ђе - 
described further оп. | ( | е5 

39. The Effect of Counter Electromotive Force.—When a motor armature 
is set into motion by an external current, the loops of wire composing its coils cut through 
the magnetic field and induce a reverse electromotive force. counter to that which originally 
caused the motion. This back pressure is known as counter electromotive force which gov- 
erns directly the speed of a motor. Тһе difference between the impressed and the counter 
voltage determines the actual flow of current in the armature and the counter voltage is 
proportional to the speed of the armature, the number of armature wires and the strength | 
'of the magnetic field which is enclosed. 

Тһе speed of а motor supplied with current at constant pressure varies directly with the 
counter electromotive force and in any given machine the stronger the field, the slower will 
be the speed of the armature. If the field 
of a motor be weakened by inserting re- 
sistance in the excitation circuit, the 
armature will increase its speed up to a 
certain point, or until the increased speed 
of the armature increases the counter 
E. M. F. to such an extent as to cut down 

sahil the armature current. Up to this point, 
ARMATURE. Au however, the speed of any given motor 
Ш.Ш can be varied by simply increasing or de- 
creasing the field strength. | 

The pull* of the motor armature is di- 
rectly proportional to the strength of the 
armature current and to the strength of 
the magnetic field. In the case of the 
shunt wound motor where the field is of 
constant strength, the pull of the arma- 
ture depends upon the amount of current 
through its winding. Hence if we weaken 
the field, the reduced counter E. M. F. will 
permit increased flow of current in the 
armature, and therefore, will increase its 
Fig. 29—Motor with Differential Field Winding. S aed а itur vand moei 
self-adjusted in the following manner: If a load is thrown on suddenly, the armature will 
have a tendency to slow down, but this decreases the reverse electromotive force and there- 
fore increases the current flowing through the armature winding. This causes the motor to 
return to its normal speed of rotation. 

We see from the foregoing that the speed of a motor can be regulated in two 
ways: (1) by connecting a variable resistance coil known as a field rheostat in 
series with the field winding; (2) by connecting a variable resistance of large 
current-carrying capacity in series with the external circuit or in series with the 


circuit to the armature itself. | 


Тһе motors of the motor generators used in wireless telegraphy аге designed 
to permit variation of the speed 20% above and below the normal speed. 


40. Motor with Differential Field Winding.—As we have explained, the 
speed of a motor is increased or decreased by regulation of the strength of the 
magnetic field and any reduction of field flux of a given machine will increase 
the speed of the armature. By the use of the differential field winding shown in - 
Fig. 29, the flux of the shunt field is automatically weakened in accordance with | 
the external load and the speed therefore self-regulated. Confining our vision · 
strictly to the windings of the field poles, two distinct set of coils will be seen, | 
one a series winding (SR) in series with the armature and the other a shünt. 
winding (SH) connected across the main power line. If the current in these 
two windings circulates in opposite directions, a differential field is produced 
and the resultant field will be of greater or less intensity according to the current 
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32 о PRACTICAL WIRELESS TELEGRAPHY. 


the wave winding. | Қа 


The development of the lap winding is shown іп Fig. 32, where a number. of armature 
coils, numbered 1, 2, 3, 4, 5, etc., successively, are assumed to be mounted on the armature 
of a dynamo and to cut through the magnetic fields of the poles N, S, N, S. The arrow 
indicates the direction of rotation, and the letters correspond to the segments of the com- 
mutator. The position of the positive (+) brush of the armature is shown. 


In this diagram, an armature having 18 conductors revolves in a four pole field and the 
flow of current will be observed to have the following direction. If we start from com- 
mutator segment I, the point where the current enters the armature through the negative 
brush, then the current flows through conductor 17, to commutator segment A, through con- 
ductors I and 6, and out at segment B. Tracing in the opposite direction, current flows 
through 2, through 15 to segment H, through 18 and 13 and finally comes.out at G. The 
current is thus seen to take two paths from the negative brushes through the armature coils 


to the positive brushes. And it will be clear also that one side of a given armature coil lies 





1954 


underneath a north pole and the opposite side underneath а south pole 90? distant. The 
student should note carefully the direction of the flow of current in all coils of the armature 
winding, taking particular note of the fact that in parts of the armature, the current is flowing 
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Fig. 32—Development of Lap-Wound Armature. · 


towards the positive brushes and in other parts, away from the negative brushes. The coils 
composing the armature winding are connected so that the voltage induced in one adds on to 
that of the next coil, hence, current flows in the same general direction through various 
groups of coils although the sides of a given coil are under magnetic fields of opposite polarity. | 


It is to be noted that the brush shown in Fig. 32 short circuits a particular coil of the 
armature, which lies іп the neutral magnetic field. It is self-evident that if a given armature 
coil were short circuited by a brush when the coil occupies a position other than the neutral 


position, it would be surrounded by a magnetic field and current of great strength would be 


induced therein. This would overheat or melt the conductors or at least would cause destruc- 
tive sparking at the commutator. р pe 


If the armature wiring in Fig. 32 is carefully traced out, it will be observed 
that the winding, so to speak, laps back upon itself. It is therefore termed the 
lap winding. In a four-pole generator, four brushes would be required for this 
winding and in a six-pole generator, six brushes. ^. | | 


Tn the diagram of Еіс. 32 the coils of the armature are shown as consisting 
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34 PRACTICAL WIRELESS TELEGRAPHY. 


The essentials of a transformer are: 
(1) A primary winding; 
(2) A secondary winding; 
| (3) An iron core. 
Іп order that the current may be induced in the secondary of a transformer, the 
primary winding must be traversed by either a pulsating or interrupted direct current 
or an alternating current. 


Fig. 35—Construction of Crocker Wheeler Motor Generator Armature. 


TERMINALS ARMATURI 
ак 








Fig. 36—Showing Crocker Wheeler Motor Armature with Coil Terminals Unsoldered. 





Alternating current trarisformers for the production of high voltages may be broadly 
classified under two general types: 
(1) The constant current transformer; 
: (2) The constant voltage transformer. 
In terms of the ratio of transformation, they may be classified as: 
(1) Step-up transformer; 
~ (2) Step-down transformer. о 
According to the design of the coils and the соге or magnetic circuit, they "шау be : 
classified as: Му қ 4 
| (1) Open core transformer; 
(2) Closed core transformer; 
(3) Auto transformer; 
(4) Air core transformer. 


Fig. 37 is an elementary diagram of a closed core, step-up, constant voltage transformer. 


The primary and secondary windings P and S respectively, are supported by a rectangular | 
iron core built up of strips of sheet iron. The primary winding, for example, may consist. 4s 
of one or two layers of comparatively coarse wire such as No. 10 or No. 12 B. & S. gauge: ^ 
Тһе secondary winding S may have several thousand turns of fine wire such as No. 30 or^ - 
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- of the turns. Owing to the phenomenon of 





36 PRACTICAL WIRELESS TELEGRAPHY. 


used for both circuits. А portion of the current flowing in the secondary winding is in- 
duced by the passing of the flux through the core from the primary turns, but another 
portion flows into the secondary circuit by direct conduction. 
Although transformers of this type are not employed for the production of high voltages 
(with low frequency currents), they are frequently used as step-down transformers to 
| obtain 10 to 30 volts of alternating cur- 
rent from a 110-volt source. Without an 
iron core, auto transformers are used in- 
КАС, the circuits of radio frequency in both 












/ r 

| / ЧЕ NE SN 3 | Ше transmitting and receiving apparatus 

МА Puce 22122 ер ] Ju of wireless telegraphy. 
epis EH > z278} EET 5 1—7 Тһе air core transformer in Fig. 40 is 
Ac i == ЕЕЕ ЕЕЕ IM used principally in radio-frequency cir- 
"А А See eco ewe | с лог transferring oscillations at ex- 
| \ ~ ls] \ tremely high frequencies from one circuit 
AS 443^ to another and when used in this man- 
NM / ner it might properly be called a radio- 
| ALTERNATOR | - . frequency transformer. For such а trans- 


former if used in the transmitting ap- 
` | paratus of a radio set, winding P is made 

p а A ыыр оер of a few turns of coarse copper tubing or 
copper strips, the tübing being from 77 to 34 inch in diameter for the small size sets. Wind- 
ing S may have several turns, a dozen or more of insulated wire or small copper tubing. 


On the other hand, if the auto transformer is used in receiving sets, winding P may consist 
of several hundred turns of No. 24 B. & 5. wire, and winding S may have several hundred 
turns of No. 32 B. & S. wire. d | ; 

Whether or not the voltage of the sec- 
ondary circuit will be greater or less than in 
the primary, in radio-frequency transforma- 
tion, depends upon the values of capacity. 
included in either circuit as well as the ratio 


resonance and the effects of capacity, a step- 
up ratio of turns may be the equivalent of a 
step-down voltage or vice versa. 

When the primary circuit of an open core 
transformer is supplied with interrupted di- 
rect current, it is called an induction coil. 
This coil will be described in detail іп Para- 
graph 50. 

44. Electrostatic Capacity.—lIn or- 
der that certain phenomena involved in 
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the flow of alternating current may be 


СНЕГ од, itawill be necessary to con- — Pig 40—Кашоукецценсу Transformer. 


sider another quality of an electric cir- — . ne | 
cuit known as electrostatic capacity. We have mentioned two qualities of an 


electric circuit, i. e., resistance and inductance. Тһе third quality, capacity, is of 


particular importance in wireless telegraph apparatus and will now be defined. 
Further on, we shall show how 


these three qualities govern the flow 
of an alternating current. ! 
Capacity тау be defined as that 
property of a conductor or circuit 
by which energy can be stored up in 
electrostatic form. Тһе electrostatic 
capacity of a conductor is measured 
yu by the quantity of electricity in 
E coulombs with which it must be 
chárged to raise its potential to one 
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38 PRACTICAL WIRELESS TELEGRAPHY. 


This medium is known as the dielectric. Тһе capacity of a condenser is found to vary: 

(1) Directly as the area of the opposed surface and the ability of the dielectric to 
conduct electrostatic lines of force; 

(2) Inversely as the separation of the plates. 

This may be written: > 


K X A 2248 
С--------- 
27554 1020 
Where C — the capacity of the condenser in microfarads; 
A —the area of the opposed surfaces in squares inches; 
К =a certain constant; | 
T =the separation of the opposed surfaces, or the thickness of the di-electric. 


‚ It can be proven that different di-electric mediums conduct static lines of force 
with more or less ease depending upon their nature. Air is taken as unity and 
all other insulating mediums are compared to it. Certain grades of glass are 


said to have a dielectric constant of 9, meaning that a condenser with a plate of 


elass between conducting surfaces will permit 9 times the quantity of electricity 
to be stored up as with air at ordinary pressure. In the same way, the dielectric 
constant of micanite is said to be 5, paraffin paper 2, etc. (Note complete table in 
the Appendix). | 

Condensers cf large capacity are made by taking a number of sheets of tin or brass 
foil and separating them with thin sheets of waxed paper or other insulating material, 
alternate sheets of foil being connected together on either side, so there is no direct con- 
nection between them. This constitutes a condenser of concentrated capacity which may 
store up temporarily considerable amounts of energy in electrostatic form. 

Condensers may be classified with respect to their dielectric strength which may be 
defined as the ability of the dielectric to resist puncture when subjected to electric pressure. 
Condensers which will withstand high voltages without rupture of the dielectric are termed 
high potential condensers and conversely those which will withstand low voltages only are 
called low potential condensers. High voltage condensers are used in circuits of several 
thousand volts pressure. Low voltage condensers are employed in circuits of less than 
500 volts pressure. | | 

We have mentioned that a condenser when first connected to a charging 
source, has zero potential, and as the current flows, the potential difterence rises 
until the voltage of the condenser is equal to voltage of the charging circuit; the 
flow of current then stops. If the applied potential is decreased, the condenser 
will start to discharge and current will flow out in the opposite direction to 
which it was charged. Тһе voltage of the condenser is thus seen to set up a 
back pressure which tends to drive the charging current back. | 

We have already seen how inductance tends to prolong the flow of current in 
a circuit and we now see that the condenser tends to extinguish it or drive it 
back. Thus the back pressure of the condenser opposes that set up by an in- 
ductance coil. We shall now see how these counter E. M. F.'s govern the flow ot 
alternating current. : Е. 

Тһе effects of self-inductance will first be noted. | 

45. Reactance and Impedance.— When a coil of wire is connected to a 
source of direct and then to a source of alternating current of the same voltage, 
the flow of current (in amperes) will be considerably greater with the former 
connection than with the latter. This is due to the fact that the counter E. M. F. 
of self-induction in a direct current circuit is only momentary, the effects being 
observed when the current is turned on and off, whereas in a circuit carrying 
alternating current, the effects of self-induction are continuous and the back 
pressure resulting therefrom must always be considered to determine the strength 
of current. 

Тһе flow of a direct current through a given circuit is opposed only by the 
ohmic resistance, but the flow of alternating current is impeded by the counter 
eleetenmntive farce of celf-induction as well as bv the ordinary resistance. Тһе 
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40 | PRACTICAL WIRELESS TELEGRAPHY. 


If the condenser C connected in series with the 60 cycle alternator of Fig. 44 has capacity 
of .00013 farads, and the frequency of the alternator is 60 cycles, then | 
1 | 








Capacity Reactance == —— ^2) ohms approximately. 

6.28 X 60 х .00013 

If the frequency of the alternator is 100,000 cycles, then, 
e 1 і 


Capacity Reactance — 





— = .012' ohms. 
| 6.28 X 100,000 x .00013 B М n 
It is clear that by proper selection of capacity and inductance values in the alternator circuit 
of Fig. 45, the counter electromotive forces can be made to balance and the reactance there- 


1 





fore reduces to zero, or 2r N, L — 





27 N,C 
The circuit then acts as if neither induct- 
ance or capacity were present and the 
flow of current is governed solely by the 
ohmic resistance of the circuit. 


If capacity reactance overbalances in- 
ductance reactance, then the resultant 
value takes the notation of the predom- 
- | |  -  jnating figure, e. g, if the capacity react- 
Fig. 44—Alternating Current Circuit with Condenser in ance exceeds the inductance reactance the 
Du зеге. | difference between the two will m ex- 
pressed in ohms, and the circuit said to have so many ohms capacity reactance. In case 
inductance reactance predominates, the opposite statement applies. We see from all this 
that a much greater current can be made to flow through the circuit from the alternator 
by the use of a condenser and a coil than if but one of these were used. | 

Reviewing the foregoing, it is clear that the reactance of a given coil for frequencies 
in excess of 100,000 cycles per second (as compared to lower frequencies) may attain a. 
rather large value. It is therefore nec- | 
essary in such circuits to insert a cer- 
tain amount of concentrated capacity to 
build up the current. In the radio- 
frequency circuits of wireless telegraph 
apparatus, current flows at frequencies 
between 20,000 апа 1,000,000 cycles per 
second and if this current is to be trans- 
ferred by magnetic induction from one 
circuit to another, the second circuit 
must contain a certain amount of in- 


ductance and capacity of such values | 
that inductance reactance and capacity Fig. 45—Showing How Resonance Is Obtained in Alter- 


к nating Current Circuits. 
reactance neutralize one another. Тһе | 
second circuit is then said to be resonant to the impressed frequency and the flow of current is 


governed solely by its resistance. | 
Straight wires possess both capacity and inductance, which аге said to be dis- 
tributed rather than concentrated as in the case of a condenser or a coil of wire. 
The laws of electrical resonance, in general, apply to such circuits as well as those 
having concentrated capacity and inductance, | | 


47. Lag and Lead of Alternating Current—A certain phenomenon, in- 
volved in the flow of alternating current throughout a given circuit, is termed 
phase displacement. Given a circuit in which inductance reactance predominates, 
it is found that when a given alternating electromotive force is applied thereto, the 
pressure and current do not reach their maximum. values simultaneously. The 
current lags behind the impressed voltage by a certain degree dependent upon the 
self-induction of the circuit and such a circuit is said to have a lagging phase. 

As it is convenient to express a complete cycle of current in terms of the degrees of a 
1 ти а haino eauivalent to 90°. ZZ cycle to 180°, and so on, we express the lag of 


C 


60 CYCLES 
AC 





60 CYCLES 
A.C 
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42 PRACTICAL WIRELESS TELEGRAPHY. 


pressure of 500 volts, is somewhat greater, in fact, is 500 ~ 1.41 = 705 volts. Similarly th 
maximum voltage per alternation in 110 volt alternating current circuits is 155 volts. (Th: 
is only true when the wave form of the current follows the curve of sines. ) 


When speaking of the pressure of the high voltage transformers used in wireles 
telegraphy, the secondary voltage is generally given as the maximum voltage pe 
cycle and not the effective value. 


The student will see from the foregoing that the problems of alternating curren 
circuits are largely different than those of direct current circuits and that the flow c 
current is governed by conditions other than the ohmic resistance. Also the actua 
power consumption in watts depends upon whether or not the pressure«and current in 
given circuit are in exact phase. 


-1-49. Measuring Instruments or Electric Meters.—The principle measurin; 
instruments employed in connection with a wireless telegraph transmitter are: 


(1) The voltmeter; 

(2 The ammeter; 

(3) The wattmeter; 

(4) The frequency meter; 
(5) The hot wire ammeter. 


In the circuits of a radio-transmitter, these instruments occupy the positions fol 
lowing: The voltmeter is joined across the terminals of the alternatof; the ammete: 
is connected in series with the primary winding of the transformer; the wattmeter i: 
connected in the circuit from the alternator to the transformer; the frequency mete: 
is shunted across the terminals of the alternator; the hot wire ammeter is used prin. 
cipally in circuits of radio-frequency, and to some extent, in circuits of lower frequency. 

Before entering into a description of these meters, we shall explain the working: 
of the current-detecting instrument knov 
the galvanometer. This instrument may 
take one of several forms, but the type 
shown in Fig. 46 is the least difficult to 
understand. A rectangular coil of sev- 
eral turns of copper wire D is suspended 
between the poles of а horse shoe 
permanent magnet, P, P. . Between the 
poles is the stationary iron core C.* Тһе 
coil is suspended from the screw F and the 
current to be measured enters at the wire 
А and leaves by the wire В. | When 
current is passed through the coil B, it 
tends to turn so as to include the greatest 
number of lines of force but is resisted by 
the torsion of the suspending wires. If a 
pointer and suitable scale are attached to 
this coil comparative readings of the 
strength of current may be made. In- 
struments of this construction are sen- 
sitive and will easily measure a current 
of .000001 of an ampere. It is an impor- 
tant instrument to demonstrate the ele- 
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Fig. 46—Simple Galvanometer. Now if the coil D had several 


thousand ohms resistance, the galvanometer might be calibrated in volts and em- 
ployed as a voltmeter. If, on the other hand, coil D were wound with a few turns 
of relatively coarse wire, it might be calibrated in amperes and would, therefore, 
be known as an ammeter. Ав ап ammeter it would be connected in series with the 
citcuit under measurement. | | 
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inan alternating current circuit because, as already explained, the product of the 


volts multiplied by the amperes does not give the true reading of watts. Due to 
the self-induction of the circuit, the E. M. F. and current do not reach their maxi- 
mum values simultaneously. The current in fact, 
lags behind the impressed E. M. F., and there- 
fore the product of volts multiplied by amperes 
gives what i$ known as an apparent reading о} 
watts. This lagging of the current behind the 
E. M. F. is known as phase displacement. 


Wattmeters are constructed to be independent 
of phase displacement and they will give true 
readings of power consumption over the range 
for which they. are designed. The student will 
always recognize the wattmeter by it having four 
binding posts; two very large binding posts which 
are connected in series with the apparatus under 
measurement and two small binding posts which 
are connected in shunt to the terminals of this 





и | apparatus. | 5 
Fig. 49—Symbol бок рези Instru- Тһе general design for this instrument is shown іп 
| | * Fig. 51. Coil A, called the current coil, is connected 


in series with the load; coil B, called the voltage coil, is connected in shunt to the load 
but ж large resistance В is connected in series. The position of the coil А is fixed, but 
coil B is mounted on bearings and fitted with a pointer P which is held in the zero 
position by a spiral spring S. When current is passed through these two coils, two 
magnetic fields are set up, which act mutually to pull the movable coil B parallel to the coil A. 


The current in the pressure coil will vary as the potential difference between its 
terminals and the current through the series coil will vary as the current in the circuit 
in which it is inserted. The force acting 
upon the movable coil will be proportional 
to the product of the current and potential 
difference. That is, the deflection of the 
coil is proportional to the power of the 
current flowing in the circuit, and the 
scale of the instrument may be calibrated 
directly in watts. In the diagram binding 
posts C, C, are for the current coil, and 
posts L, L, are for the pressure coil, 


(c) Frequency meters are not ex- 
tensively supplied to commercial wire- 
less telegraph sets, but one of these 1n- 
struments is always a part of the radio 
inspector’s testing equipment. The 
Hartmann & Braun meter is shown 1n 
Fig. 52. It has much the appearance | 
of а voltmeter, and, like that instrument, it is connected in shunt to the terminals 





Fig. 50—Mechanism of Alternating Current Ammeter. 


of the alternator. 


In this diagram the single elongated magnet winding M has joined in series with 
it the coil R; the two terminals E, E are shunted across the circuit under measurement. 


The soft iron piece, P, P, completes the magnetic circuit for the poles of the horse- 
shoe magnet, N, S, N, S, etc. A number of small vibrating reeds are placed directly 
in the path of the flux between the soft iron piece and the poles of the magnet. Each 
of these reeds have a different period of mechanical vibration and, consequently, are 
only set into vibration by the flux of the magnet when it alternates at such rates as to 
correspond. to the natural mechanical period of the reed. 

Four permanent horse-shoe magnets, N, S, N, S, etc., keep the core in a constant 
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following manner: А wire, E, Е, is attached to the center of C, D, and a silk threac 
attached to it at K, which is wound about the shaft in such a way ав to work against 
the tension of the spring S which, normally, would cause the pointer to move to the 
full scale position. However, by means of the thread, it is drawn to the zero position 
of the scale. When current is flowing through C, D, the expansion of the wire release: 

| | the pull of the thread which allows the 
pointer to move across the scale ac- 
cording to the degree of expansion and 
the tension of the spring. 


The fundamental principle of another 
instrument for measuring radio-frequency 
currents, used by the Marconi Company, 
is shown in Fig. 55. Тһе complete details 
for construction are not opened for pub- 
lication, but briefly, the operation is as 
follows: Тһе current of radio-frequency 
flows through several wires stretched be- 
tween blocks B and BY А thermo- 
couple mounted on one of these wires 
as indicated at C, D, is heated by the 
current of radio-frequency flowing be- 
.tween the copper blocks. As is well 

" known, this junction sets up a direct 
current which flows through the 
meter A. Тһе latter is a sensitive di- 
rect current instrument with magnetic 
windings and is calibrated directly in 

. amperes. 

The production of E. M. F. by*a thermo-couple may be better understood from Fig. 
56. If a piece of bismuth В and antimony А be soldered or welded together and 
their ends connected to a galvanometer, then if the temperature of the junction is 
raised higher than the remainder of this circuit, a current flows in the external circuit 
from antimony to bismuth. If the junction is cooled below temperature of the rest 
of the circuit, current will flow in the opposite direction. There are a number of 
other metals which when joined and heated will produce a direct E. M. F. undei 
change of temperature, notably copper and iron, which are frequently used as a thermo- 
junction. | 


50. Induction Coil.—We have shown how an alternating current can be 
raised to a pressure of several | 
thousand volts by means of the alter- 
nating current transformer. Іп a 
somewhat similar manner, a direct 
current of low voltage can be changed 
to an alternating current of many 
thousand volts by ап apparatus 
known as an induction coil. 

Fig. 57 is а diagrammatic sketch of 
an induction coil P is the primary 
winding and S the secondary winding. 
B is a piece of spring brass fitted with 
a soft iron button that may be attracted 
by the core С, A is an adjustable thumb 
screw, platinum tipped, which makes ORE UE 
contact at C!, closing the circuit of the battery through winding P. In practice sole-. 
noid S 15 wound about C. ESQ 





Fig. 53—Mechanism of Hot Wire Ammeter. 





©!’ УЕ; 
Fig. 54—Hot Wire Ammeter with Internal Shunt. | 


When the battery circuit is closed at K, the core becomes saturated with magnetism 
and attracts the armature B. B being drawn to the end of the iron core, the flow of 
current is broken at Сі. Since tlie current is now cut off from Р the magnetic field 
disappears and the tension of the spring causes the circuit to be closed again at СІ, 
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(a) Interrupters. In addition to the magnetic interrupter shown in Fig. ! 
there are several types of interrupters for induction coils, but since they are seldo 
used in modern wireless systems, they will not be described. Тһе electrolyt 

: interrupter is frequently employe 
but not extensively. A diagram ‹ 
connections and a sketch is show 
in Fig. 59, | 

A lead plate of convenient .size 
immersed in a dilute solution of su 
phuric acid together with a platinu 
electrode covered with a  porcela 
sleeve. The amount of platinum e: 
posed to the action of the acid is close 
regulated according to the conditioi 
of the circuit. When the interruptor 
connected in series with the primary winding of the induction coil the action is as follow: 
The current flowing through the solution from platinum point to the lead plate sets up 2 
electrochemical action which form a gas bubble on the tip of the platinum electrode. Th 
gas bubble insulates the platinum exposed, thereby opening the primary circuit. The cu 
rent flow having discontinued, there is. nothing to sustain the gas bubble, which according 
collapses again, allowing the current to flow through the winding, when the above actic 
is repeated. A rather high rate of in- - $ 
terruption is thus secured which in- 
duces a rapidly pulsating current іп 
the secondary winding. Interrupters of 
this type frequently give 1,000 breaks . 
of the primary current per second of 
time. They will not function well on - 
potentials less than 80 volts direct cur- 
rent. Fair results are obtained with 
alternating current. 

51. Practical Electric Circuits. 
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Fig. 58—Wave Form of Secondary Induced Currents. 





to elementary students an idea of the 
wiring and certain fundamental facts 
surrounding practical electrical circuits, 
a few examples are herewith appended. ІСЦЕ 
In the circuit of Fig. 60, direct current L|] Н25041 
at pressure of 110 volts enters at the | ШИШИШИ ПНЕ БИНН 
terminals А, B, flows through the 
fuses Е, F, through the switch blades 
D, D, and thence on to the bank of 
lamps assumed to consist of 8 lamps 
connected in parallel or in shunt to the 
terminals of the power line. If the- 
lamps have resistance each of 220 ohms, 
one-half ampere will pass through the 
individual lamps; hence, 8 lamps will 
pass 4 amperes. 

Now the voltage of this circuit may 





‚ be measured by the voltmeter V which joy pc LEAD PLATINUM 


is an instrument of high resistance, 

taking a very small amount of current, Fig. 59—Electrolytic Interrupter Connected to an 
and the current can be measured by the - | Induction Coil. ; 
ammeter A which conversely is an instrument of low resistance. Іп the problem cited 
ammeter А should indicate current of 4 amperes, and meter V pressure of 110 volts. Th 


power іп watts = 4 Х 110 — 440 watts = 0.44 К. W. 


(a) Fuses. Fuses are required at points F, F, to protect the generator connected t 
terminals A, B, from accidental short circuit or overload. "These consist of lead or com 
position alloy wire which melts when more than a predetermined number of amperes pas 
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ро PRACTICAL WIRELESS TELEGRAPHY. 


Тһе installation of all types: of a power or radio equipment are made in accordance with 
certain definite rules or regulations which have. been adopted by the National Association 
of Electrical Inspectors. "These rules vary slightly in different cities of the United States, 
but are generally in accordance with the national code. The installation of power or 
wireless apparatus should not be undertaken until these rules have been carefully gone over. 
The foregoing explanations and examples explain but partially the problems of ordinary . 
electric circuits, but they serve to show certain fundamental facts which should be of some 
value to the elementary student of radio-telegraphy, 
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52 ee PRACTICAL WIRELESS TELEGRAPHY. 


For the operation of radio-transmitters, a motor generator is required that will give: 


Е (1) Constant speed under variable load; 
(2) Constant alternating current voltage under variable load. 


For the quenched spark transmitter, a constant current generator having a falling voltage 
characteristic under a load is preferred. 


When a motor generator is connected to a wireless transmitter, it 1$ subjected 
to an intermittent load following the closing of the transmitting key, and there- 


Moter Field ae | Generator Field ` 





1/0 volts 
DG: 


Fig. 64—Simple Shunt Wound Motor Generator. 


fore, some means must be provided whereby either a uniform alternating current 
frequency or voltage for both can be maintained. In practice the necessary regu- 
lation is obtained by special. motor field and generator field windings. Hence, 
motor generators may be classified with respect to their windings. 


Three different types are in commercial use: 
(1) A shunt wound motor coupled to a simple alternating current generator: 
(2) A shunt wound motor coupled to an alternating current generator, having a 


compound wound field: 
(3) A motor with differentially compounded fields coupled to a simple alternating 


current generator. 


An example of type (1) is the 2 K. W. 500 cycle Crocker Wheeler. motor 
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54 PRACTICAL WIRELESS TELEGRAPHY. 


It will be noted from the diagram of Fig. 65, the generator has two field windings, a 
series winding connected in series with the motor armature and a shunt winding connected 
directly across the D. C. line. The windings are disposed on each field pole of the gen- 
erator so that the lines of force generated by the series winding and those of the shunt 
winding flow in the same general direction. When a motor generator of this type is subjected 
to load, there will be a tendency towards a decrease in speed, but there will then be an in- 
crease of current through the series winding (because it is connected in series with the 


Series 
KAKA X KKK) 
UJUUUUUUU 


hun Ре, Gen Kheo. 


/0 volts 
DC 


Fig. 66—Circuits of Motor Generator with Differential Motor Field Winding. 


armature) which has the effect of increasing the strength of the generator field, thereby 
maintaining the voltage of the alternator fairly constant under variable load. The motor 
of this machine has.a simple shunt winding with a speed regulating rheostat, connected in 
series. The voltage of the generator may be increased or decreased by means of the 


.generator field rheostat. 


"The differential motor of Fig. 66 has been explained in Passio 40. The principal | 
advantage of the motor generator in Fig. 66 is that it maintains a uniform speed under 
variable load which results in a uniform кейе of current at the terminals of the 


alternator. 


A photograph of the 2 K. W. 500 cycle Crocker Wheeler motor generator ap- 
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сб. PRACTICAL WIRELESS TELEGRAPHY. 








Fig. 67c—Details of 144 К. W. 500 Cycle Crocker Wheeler Motor Generator. i 


current at pressures varying between 120 and 380 volts with current output of 20.8 

amperes. At normal saturation the generator and the motor fields require about 
591 htl | 29 X 110 

. 2% amperes each. The complete motor, therefore, is rated at = 42 


sita ре 746 


horsepower. 


Fig. 67a shows the gen- 
erator and motor field wind- 
ings, the end plates and the 
oil gauge of the 2 K. W.500 
cycle motor generator. The 
machine completely assem- 
bled but with the rotary 
disc discharger removed is 

. shown in Fig. 67b. 
Details of the > К. W. 
500 cycle Crocker. Wheeler 
motor generator are shown 
in Fig. 67c and the assem- 
bled machine in Fig. 674. 
It is to be noted that the 
. . rotor of the generator is 


composed of two toothed 
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5g PRACTICAL WIRELESS TELEGRAPHY. 


neath the brushes are connected to the collector rings on the opposite ends of the shaf 
the circuit continuing through the А. C. external circuit E. Тһе voltage of the alternatin 
current will be maximum when the taps to the collector rings are underneath the brushe 
and minimum when midway between the brushes. It is easily seen that as C, D revolve 
and attains the position opposite to that in Fig. 69, the current taken from the collecto 
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Fig. 70—Fundamental Circuit of Dynamotor. 


rings will flow in the opposite direction and therefore as the armature revolves an alter 
‘nating current can be taken from the armature, the frequency of which varies witl 
the speed. An important point in connection with this machine is that if the D. C. suppl. 
is 110 volts, the effective A. C. E. M. Е. cannot exceed 77 volts.. If 110 volts is desired : 
small step-up transformer must be used. c -- = 

The А. C. voltage of the converter may bg increased by increasing the speed of th 
motor, but the frequency of the current increases simultaneously. Тһе converter does no 
permit the nicety of control of the voltage and the frequency as does the motor generatoi 
and, therefore, it operates at a disadvantage. 

The circuit of the dynamotor is shown in Fig. 70. Неге the armature coils for the 
production of alternating current have no connection with the coils for direct current 
The two windings are mounted on the same core but in separate slots. The A. C. winding 
can be given the correct number of turns so that 110 volts А. C. may be obtained wher 


the armature is connected to 110 volts D. C. 
Fri 


ARMATURE 





Th 


F2 o 


Uo VOLT 0.6. 
Fig. /1—Cutler Hammer Starting Box Connected to a Simple Shunt Wound Motor. 


A small number of either of the foregoing types of machines are used by the Marconi 
Wireless Telegraph Company of America. Тһе rotary converter is very popular abroad. 


55. Тһе Motor Starter.—It has been mentioned in Paragraph 40 that 
the counter E. M. F. of a motor armature is very low upon starting, and if the 
terminals of a motor were connected directly to the source of current, an exces- 
sive current would flow which might injure the commutator or burn out the 
armature windings (unless the circuit 15 properly fused). А motor starter is, 
therefore, required to reduce the starting current to a safe value. ЖЕЗ vun, 
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60 PRACTICAL WIRELESS TELEGRAPHY. 
The General Electric Company's hand starter differs slightly from the type just d 
scribed. А complete diagram is shown іп Fig. 72 where the starter is connected to a simp 
- shunt wound motor. It is to be noted in this diagram that the release magnet M is shunt 
across the D. C. line, and has a coil of fixed resistance R-1 connected in series. Іп: 
other respects, the wiring is the same as the first type and the starter performs the sar 
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Fig. 73—Circuit of “Automatic Starter for Marconi % K. W. 120 Cycle Set. 


functions. If the source of power is cut off, magnet M releases the handle of the start 
whereupon it returns to the zero position, breaking the circuit to the armature. 

56. Automatic Motor Starters.—It is often essential to install a mot 
generator at a point remote from the wireless cabin in order that the noi 
from its operation may not interfere with the reception of wireless signals. . 
instances of this kind automatic motor starters are employed, which are co 
trolled from a distant point by pressing a small button or closing a small switc 
Such starters possess the advantage that the acceleration of the starting handle 
uniform, and there is, therefore, no danger of burning out the armature or me 
ing the fuses during the starting of a motor. 7 | 
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Fig. 74.—Circuits of Automatic Motor Starter for Marconi 12 К. W. 500 Cycle S (See Fig. 255 


There are numerous types of automatic starters on the electrical market b 
only those used in modern Marconi sets can be given consideration here. 

The complete circuit of the single step automatic starter is shown in the diagram 
Fig. 73. It is employed in connection with the м К. W. 120 cycle Panel transmitters 
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64 _ PRACTICAL WIRELESS TELEGRAPHY. 


poles bringing the armature to a quick stop. Reviewing the foregoing: When the handle 
of the type SH aerial changeover switch (or any other type) is thrown to a transmitting 
position, the motor generator is automatically started, provided the main D. C. line switch 
is closed. It will be brought to a quick stop when the antenna switch is placed in the receiv- 
ing position, provided the switch 17 remains open. If the switch 17 is closed, {һе motor 
generator can be kept in a continuous state of operation during the receiving period. 

The speed of acceleration of the starter arm. can be very closely regulated by means of 
an adjusting screw attached to the bottom of the vacuum chamber. It usually requires 12 
seconds to bring the starter up to the full running position. | | 

When it becomes necessary to make repairs or adjustments to the generator or the A. C 
power circuits, the generator field switch 26 should be open. When the motor generator 1: 
to remain idle for an indefinite period, the main D. C. line switch should be opened to break 
the circuit to the field winding of the motor. um 

In the diagram of Fig. 76 the complete circuit o! 
a differentially wound motor coupled to а simple 
alternating current generator is shown, including the 
connection of the field rheostats and the hand starter 
The student should give this diagram careful con- 
sideration as it serves to show the complete funda- 
mental circuit of various types of motor generators 
in the Marconi service. This diagram should be 
used in answer to the Government examinatior 
query regarding the fundamental circuits of the 
motor generator. | | 


57. Protective Condensers. When a wireless 
. telegraph transmitter is in operation, a powerfu 
Fig. 77— Protective Condensers. electrostatic field is set up in the region about the 
E 7 aerial wires. If the power apparatus 15 installed у 
such a manner that the low voltage wires leading to the motor generator or othei 
apparatus, lie parallel or in proximity to the antenna wires, currents of very М} 
potential will be induced in the power wires which may puncture the insulation 
A path is then afforded for the low voltage current which may cause an arc, com 
pletely short-circuiting the windings of a motor generator. In other words, thi: 
induction sets up a difference of potential between 
the various windings or between the windings and 
the frame of a motor generator which may result 
in a disastrous burnout. The low voltage wires 
can be well protected by installing them in iron con- 
duit, the latter in turn, being thoroughly connected 
to the earth. The induced currents will flow on 
the surface of the pipe and be neutralized by the 
earth connection, and thus do no harm to the power 
wiring. The power wires of commercial radio in- 
stallations are either installed in iron conduit or in 
lead-covered cables, but in addition to this protec- 
tion, protective devices. known as protective con- | о 
densers or protective resistances are employed. Fig. 78— Protective Resistance Rod. 
Protective condenser units consist of two one-half © RESET E 
microfarad condensers connected in series mounted on an insulating support as in Fig. 77 
The middle connection is extended to. the earth and the remaining terminals connectec 
across the field or armature windings of a motor generator or between these windings anc 
the frame. Differences of potential that may be induced in. such windings are thereby 
neutralized and reduced to zero through the earth connection. : 
Carbon or graphite rods of high resistance are often employed for protective purpose: 
as shown in Fig. 78. A single graphite rod having resistance of about 5,000 ohms is mountec 
^n aun ес А не eunnart. and connected to earth at the middle point. The two remainins 
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66 PRACTICAL WIRELESS TELEGRAPHY. 


(11) In the case of the 2 K. W. 500 cycle motor generator, adjust overloac 
relay for 35 amperes. | i 

(12) If a single resistance coil in either the hand starter ог the automatic starte 
burns out, close the circuit by placing a jumper around the burned out 
portion. | | ; 

(13) If field rheostat burns out, close the circuit by a jumper. If burned beyond 
repair, substitute 3 or 4 16 C. P. lamps, connected in parallel. 

(14) Tighten up all connections frequently. These should be gone over once 
per month. 


59. How to Remove Motor Generator Armature.—In case it becomes 
necessary to remove the armature of the Marconi 2 K. W. 500 cycle motor generator for the 
purpose of repairs, it is necessary first to remove the casing of the spark gap. Follow this by 





Fig. 79аҹ—1. К. W., 60-cycle Motor-generator (Two Bearing Unit). | 


taking out the wedge-shaped key in the end of the generator shaft. If the rotary disc is given 
a slight tap with the hammer, the key will be released and the disc may be removed from the 
shaft. After this, the bearing bracket can be removed from the generator end. The brushes 
should then be removed from the commutator and the collector rings. After these operations 
have been gone through, the armature can be pulled out and а new one inserted, if necessary. 
When the armature is replaced, the oil rings should be held up to permit the shaft to pass 
through the bearings. Care should be taken to see that the oil rings are working properly 
and that the bearings are thoroughly oiled for the initial test. Before starting the motor 
generator careful inspection should be made to see that all parts are properly secured and in 
working order. 

It should be noted that the mica of the commutator of this machine is undercut about 1-32 
inch, and before it gets flush with the commutator bars, the mica should be cut out again. ` 
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61. General Construction and Action.—It is not really electricity which 
is stored up in a storage cell, but the flow of current from a direct current dynamo 
through the cell from plate to plate performs a certain amount of chemical work. 
Whenever required this stored up chemical energy can be released in. the form of 
an electric current which will pass from plate to plate through an external circuit. 
The common type of lead cell comprises а set of prepared lead plates immersed 
in a dilute solution of sulphuric acid, but a certain electrochemical process known 
as "charging" must be gone through in order that the cell may deliver a current 


of electricity. | 
There are two general methods by which the lead plates for а storage cell 
may be prepared: | 


(1) А paste of litharge or oxide of lead mixed with a dilute solution of sulphuric 
acid may be applied to perforations in a lead grid, and then by means of a 
current of electricity and a suitable electrolyte the surface of some of these 
plates may be coated with peroxide of lead while other plates become simply 
spongy. | | FT 

(2) Large lead plates may be immersed in a certain electrolyte and connected 
to the terminals of a dynamo. By repeated charge and discharge, some of 
the plates may be coated with peroxide of lead while the others simply be- 
come spongy. | | 

Reviewing the development of the storage battery, we find: 

(1) That the earlier types of storage cells comprised two lead plates immersed 
in a dilute solution of sulphuric acid. The terminals of the plates were con- 
nected to a direct current dynamo Гог a period of several weeks. By repeated 
charges and discharges, the surface of the plates received a coating of 
so-called “active material.” 

(2) Later it was determined that the formation of the plates could be hastene 
by chemical means previous to the charging process and the manufacture 
of the plates was accordingly cheapened. 

(3) In certain types of present day cells, for instance, the exide lead cell, the 
active material is applied to the plates mechanically, in the form of a paste. 


62. The Charging Process.—In general the charging process of a storag 


cell is.as follows: | 
2 When two ordinary lead plates or sets of plates are placed in a dilute solution of sulphuric 
acid of the correct proportion and a direct current of electricity from a dynamo passed from 
one plate through the solution to the other, the resulting chemical decomposition deposits a 
= -coating of peroxide of lead on one plate while the other plate becomes gray and spongy or 
porous. When one set of plates is fairly well coated with lead peroxide and the other set 
becomes spongy, the cell is said to be "charged." If the terminals of these plates are now 
joined together by a conductor (the charging generator having been disconnected), a cur- 
rent of electricity will flow from plate to plate. 2 ре | 

The plate coated with lead peroxide is known as the positive plate of the.storage cell and 
the other, the negative plate. When joined together by a copper conductor, current flows in 
the external circuit from the positive to the negative plate and the resultant chemical change 
undoes the work of charging, e. g., part of the peroxide of lead of the positive plate and the 
active material on the negative plate is converted to lead sulphate which covers the surface. 
When the plates are fairly well coated with sulphate, the ceil is said to be discharged. In 
order that current may be drawn from the cell again, the plates must be connected to a 
source of direct current and the charging process repeated. 

The processes involved in the charge and discharge of storage cells may be 
better understood from the explanation given by the Electric Storage Battery 


Company in the following paragraph. | 


63. The Fundamental Actions of a Storage Cell.—When a lead storage 
cell is pat on discharge, the current is produced by the acid of the solution going into and 
· combining with the porous part of the plate called “active material.” In the positive plate, as 
stated before, the active material is lead peroxide and in the negative plate it is metallic lead 
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capacity according to the power of the particular installation. Тһе cells of 
larger capacity are used for auxiliary lighting service as well as for operation 
of the radio-transmitter. 

A clearer interpretation of the practical application оғ the term amperehour as applied 
to the rating of storage cells may be obtained from the following explanation. For ex- 
ample, the chloride type of cell is rated on an 8 hour basis and the exide cell on a 4 hour 
basis. Thus if the chloride cell is rated as having capacity of 60 amperehours, the normal 
discharge rate is determined by simply dividing the rating 60 by 8 or 712 amperes, which is 
the normal current in amperes to be taken from the cell during discharge, and in the same 
manner the normal discharge rate of а 60 amperehour exide cell is found to be 15 amperes. 
The normal discharge rate of the chloride lead cells (іп use in the Marconi Service) is also 
the normal charging rate, but different charging rates are given for the exide lead cell 
according to the rated capacity of the battery. Generally at the beginning, the batteries are 
charged at a heavy rate, but as the charge progresses the charging current is reduced. 
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Fig. 81—Simple Charging Circuit. 


67. Fundamental Facts Concerning the Storage Cell. The student shoal 
bear in mind certain facts concerning the storage cell: 


(1) It has low internal resistance and therefore delivers a very strong current. 

(2) Due to the absence of polarization, as in the primary cell, the current 
output does not decrease as rapidly. 

(3) The “charging” process requires considerable time—a matter of hours to 
convert the surface of the plates to so-called “active material.” 

(4) During the charging period, a stated number of amperes must pass 

| through the cell—the actual value being designated by the maker. 

(5) A normal rate of discharge is given by the manufacturers which must not 
be exceeded except in special types. 

(6) The fully charged voltage of the lead cell averages 2.1 volts on open 
circuit, values as high as 2.5 or 2.6 volts being obtained with the charging 
current flowing. 

(7) The lead cell is said to be discharged when the voltage of the individual 
cell falls to 1.7 or to 1.8 volts provided the reading is taken at normal 
rates of discharge current. 

(8) The fully charged voltage of the Edison cell is 1.2 volts. 

(9) The Edison cell is said to be discharged when the voltage of the cell, at 
normal discharge rates, falls to .9 volts. 

(10) The Edison cell and the lead cell differ both in material, general con- 

struction, and electrolyte. 

68. How to Charge a Storage Cell.—A: storage battery is “charged” 

by connecting the positive terminal of the battery to the positive terminal of a 

direct current dynamo, and the negative terminal of the battery to the negative 

terminal of the dynamo, but a resistance or regulating rheostat must be connected 

in series with the charging circuit, otherwise, an excess of current will flow and 

the battery and perhaps the generator put out of commission. This is due to the 
fact that the storage cell possesses very low internal resistance. | 
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/2 -= PRACTICAL WIRELESS TELEGRAPHY. 
70. Lamp Bank Resistance.—A bank of 16 or 32 C. P. lamps are frequently 


employed to adjust the flow of cürrent through a battery undergoing charge. А circuit o! 
this type is indicated in Fig. 82. Since the resistance of the battery is small compared tc 
that of the lamps, the flow of current through the cells is governed by resistance of the 
lamps. | 


A. 16 C. P. incandescent lamp having а carbon filament passes 12 ampere under ап E. М.Е 
of 110 volts hence 15 such lamps connected in parallel will pass 712 amperes, about the 
correct value for the smaller types of lead cells. Тһе strength of the charging current can 
be regulated in small steps by turning on or off a certain number of lamps. 


71. The Use of the Ammeter and the Underload Circuit Breaker. —То per- 
mit the charging current to be carefully regulated, the charging circuit should 
include an ammeter as at A, Fig. 82. | 3 

A very important protective mechanism for a storage battery charging circuit is an 
underload circuit breaker. ` The function 
of this breaker is to open the charging line 
when the voltage of the charging generator 
falls below the voltage of the battery. The 
battery is thus protected from discharge in 
case the charging generator is stopped 
without first disconnecting the batteries. A 
very simple type of underload breaker used 
on the small panel sets. of the Marconi 
Company is shown in Fig. 82. A solenoid 
winding W is connected in series with the 
charging circuit and carries the full value 
of the charging current, the resulting flux 
acting upon the plunger P which carries 
the crossbar and the copper contacts S-1 
and S-2. 

"When pushed up by hand, plunger P 
closes the circuit from the charging generator to the battery. The winding W is thus magne- 
tized and holds the iron plunger in this position until the charging circuit is actually interrupted 





Fig. 83—Motor of Ampere Hour Meter. 


or the voltage of the generator falls below: the battery. In event of either happening, the 


nlunger drops downward, breaking the circuit. 


72. The Ampere-Hour Meter. 
A particularly useful instrument 
for denoting the state of "charge" 
or "discharge" of a storage battery 
is the ampere-hour meter, which in 
essence is а ‘specially constructed 
small motor connected in series 
with the charge and discharge of a 
storage battery, | 

The motor is geared to a pointer | 0 | 
moving over a dial calibrated in Бе. 84-5 кекс Showing the Direction of Fluxes in 
ampere hours, and therefore per- - Rag s uu 
mits a direct reading of the quantity of current flowing during the discharge of a 
storage cell. | DM | 

A diagram of the motor of the.Sangamo ampere hour meter is given in Fig. 83. 
It consists of a copper disc D, floated in a pan of mercury between the poles of a 
permanent magnet to which current is lead by the contacts С-1, C-2. Тһе current of. 
electricity enters the contact C-1, passes through the comparatively high resistance 
mercury H, to the edge of the low resistance copper disc D, across the disc to the 
mercury Н, and out at contact C-2. The magnetic flux cuts across the disc on each 
side from N to S, making a complete circuit through M-1 and M-2. The relative 
directions of the magnetic flux and the current of electricity as well as the resulting 
motion are shown in Fig. 84. | 

According to the laws of electromagnetic induction, if а current-carrying conductor cuts 
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74 PRACTICAL WIRELESS TELEGRAPHY. 


The direction of the current through the ampere hour meter on discharge 18 opposite to 
that when the battery is on “charge, е hente the movement of the motor is reversed accord- 
ingl 

* Bor sake of clearness the necessary switches for placing the battery on charge or dis- 
charge have been omitted. 

The short arrows, Fig. 85, indicate the direction of the charging current while the bat- 
teries are on charge and the long arrows indicate the direction of current during discharge. 
This diagram is not intended to convey a description of the mechanical construction or 
operation of the circuit breaker, but merely serves to show the complete fundamental charg- 
ing circuit. 

73. Overcharge.—Theoretically we should be enabled to draw the same 
quantity of current from a storage 
battery upon discharge as put into 
it on charge, but practically this 
cannot quite be done. The plates 
of the battery must be given an 
occasional overcharge to keep them 
in good working condition, that 
is, there must be püt into the bat- 
tery under normal conditions a 
greater quantity of current than is 
taken out of it.  Ampere hour 
meters are constructed to take care 
of the required overcharge auto- 
matically by a device known as a 
resistor which cannot be explained 
in detail here. Briefly it causes the 
pointer of the ampere hour meter 
to move to the zero position of the 
inet scale from a given higher reading, 
Fig. 85a— Portable Exide Storage Cell, Supplied with at a slower rate than that which 

Marconi Emergency Sets. brought it to the maximum reading 
thus giving the requisite overcharge. But with all this, the readings of the ampere 
hour meter can not quite keep pace with the state of the storage battery, hence, it 
is necessary from time to time to move the pointer of the àmpere hour meter from 
the zero position to a reading corresponding to from 20 to 50 ampere hotirs, 


after which the battery is placed on charge antil the pointer again returns to the 
zero position. 


74. How to Charge a Battery when the Voltage Exceeds that of the Charg- 
ing Generator.—As mentioned in a previous paragraph, the voltage of the 
charging generator must exceed the combined fully charged voltage of the cells. 
Since the auxiliary battery for a radio set consists of 60 cells, and their voltage 
combined is 126 volts, they cannot be charged in series from a 110 volt source of 
direct current. The battery must be split into two units of 30 cells each, which 
are connected in parallel and finally to the terminals of a charging generator, but 
on discharge the cells are connected in series. 

A completely satisfactory diagram of this connection appears in Fig. 86, where the four- 
blade switch, when thrown to the “charge” position, connects battery A and battery B in 
parallel, but in the discharge position reconnects them in series giving approximately 126 
' volts for the operation of a standard motor generator. This diagram shows (1) the position 
of the charging resistance and the underload circuit breaker in the charging circuit, (2) 
the voltage of the generator, (3) the voltage of the individual battery units and (4) the 
final discharge voltage of the cells. The charging dynanio in the case of a marine radio 
installation is the ship’s generator, which is situated at some point in the ship’s engine room. 

It has been mentioned that two values of charging current are employed for the exide 
type of cells, a heavy value for the start of the charge and a lesser value at the completion 





75 


STORAGE BATTERIES AND CHARGING CIRCUITS. 
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6 | PRACTICAL WIRELESS TELEGRAPHY. 


ship's charging panel whereby these two values can be obtained. The flow of charging 
current is automatically taken care of by the battery, the counter E. M. F. of which rises 
as the charge progresses. This gradually reduces the charging current without extra 
appliances. 

75. Dos to Determine the Polarity of the Charging Generator.—We have 
mentioned that during charge the 
positive pole of the storage bat- 
teries must be connected to the 
positive pole of the dynamo. 

The polarity of the charging 
mains may be determined in three 
ways: 

(1) By a direct current voltmeter of 
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Do not adjust the specific gravity except when the battery is fully charged. 

In ordinary use, there is no occasion to adjust the electrolyte of the cell oftener than 
once in every three or four years. 

After adjusting, charge for an hour in order to thoroughly mix the liquid just added 
with the electrolyte. 

By all means do not add electrolyte until it is determined that the specific gravity can- 
not be brought up to the proper point by charging. 

The sediment which gradually accumulates in the bottom of the jars must not be 
allowed to touch the bottom of the plates as if it does serious injury may result. It is 


- best to overhaul the cells and remove the sediment at least once a year. 


If the battery is not to be used for a considerable period, care should be taken that it 
is charged once every two months and that the plates are kept covered by regularly adding 
water. 

If it is not possible to charge at least once every two months, the battery may be taken 
entirely out of service as follows: Fully charge the battery, remove the vent caps, pour 
out the electrolyte by turning the case upside down, fill with fresh, pure water and allow 
to stand 12 or 15 hours. Then pour off the water, wipe the case e dry, grease the terminals 
and the battery can stand indefinitely. 


80. General Operating Instructions for the Exide Cell. Тһе following 
instructions apply specifically to the Exide cells supplied to marine radio sets, 


particularly the 60 cell M. V. 11 type. (E. S. B. Co.) 

Keep the level of the electrolyte always above the top of the plates by replacing evapora- 
tion with pure, fresh water (never anything else) to a height of one-half inch (not more) 
above top of plates. Тһе best time for adding water is just before a charge. Do not use 
metallic receptacles for holding the water. 

Keep flames of all kinds (match, candle, lantern, cigar, etc.) away from battery at all 
times. 

Battery is to be “floated” at all times, except when charging or discharging. When 
floating, both lamps on battery switchboard will burn dimly. If either lamp goes out, 
immediately replace it with another of same rating. 

Twice each month, preferably when in port, charge the battery by opening the 6 pole 
switch, closing the circuit breaker, and again closing the 6 pole switch to the charge side. 
Move the needle of the ampere hour meter back to about 50 and charge until the pilot cell 
gravity and the voltage of each side have remained constant for one hour and all cells 
have been gassing or bubblirig freely for the same length of time. This means that, under 
normal floating conditions, the charge will be of about one and one-quarter hours’ dura- 
tion. After the charge reset the needle of the ampere hour meter to zero. Raise the cover 
of the battery box during this charge. | 

After a discharge of any kind immediately put the battery on charge and continue the 


charging until the needle of the ampere hour meter has returned to zero. 
рае cati ALTA TE 
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PART VI. 


THE RADIO TRANSMITTER 


CONDENSERS—OSCILLATION GENERATORS—RADIATION OF 
ELECTRICAL WAVES—DAMPING OF OSCILLATIONS. 


83. METHODS oF GENERATING RADIO FREQUENCY CURRENT. 
84. Tue CONDENSER. 85. CONNECTIONS FOR CONDENSERS. 


.86. How To PLACE A CHARGE IN A CONDENSER. 87. ANALYSIS 
OF A SPARK DISCHARGE. 88. EFFECT oF RESISTANCE ON OSCIL- 


LATIONS. 89. ELECTRICAL RESONANCE. 90. THE OPEN Cir- 
CUIT OSCILLATOR. 91. THE LENGTH OF THE ELECTRIC WAVE. 
92. THE DETERMINATION OF WAVE LENGTH FROM THE INDUC- 
TANCE AND CAPACITY. 93. LOGARITHMIC DECREMENT OF THE 
OSCILLATIONS. 94. METHODS. or EXCITING OSCILLATIONS IN 
AN AERIAL. 95. THE REACTION OF CouPLED CIRCUITS. 96. 
THE STANDARD WAVES ОЕ COMMERCIAL WIRELESS TELEGRAPHY. 
97. FUNDAMENTAL CIRCUIT OF A COMPLETE Rapio TRANS- 


MITTER. 98. SIMPLE EXPLANATION OF THE CIRCUITS. 99. 
NUMERICAL VALUES FOR A STANDARD RADIO SET. 


The electric waves for commercial wireless telegraphy are set into motion bj 
alternating currents or electrical oscillations at frequencies varying from 25,00 
to 1,000,000 cycles per second. We shall confine this chapter to an explanatio: 
of the apparatus for the production of damped electrical oscillations which arı 
employed almost universally for wireless ship to shore communication. 

83. Methods of Generating Radio Frequency Current.—In order to distin 
guish alternating currents of the order of frequency employed in wireless teleg 
raphy from those of a lower. frequency corresponding to audible vibrations 


Fig. 88—Oscillations of Constant Amplitude. 
CONSTANT AMPLITUDE 





the following arbitrary terms are ii 
use; an alternating current of fre 
quency in excess of 10,000 cycles pe: 
second is termed a current of radio 
frequency; below 10,000 cycles pei 
second, it is called a current o 
audio-frequency. 

A current of radio-frequency 
may consist of either continuous 0: 
discontinuous oscillations. А тоц 
of oscillations of continuous ampli 
tude are shown in Fig. 88; а grout 


of discontinuous oscillations. арреал 


in Fig. 89. 
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92 | PRACTICAL WIRELESS TELEGRAPHY. 


by merely dividing the capacity of one jar by the number -of jars in the cir- 
cuit, but if the jars have unequal values, the formula of reciprocals applies. 





| | 
C = — 
v 1 1 
р 
C-l C2 C3 
Therefore the capacity of the jars 
1 
ороор = 
1 1 1 





АА 
era mo 002 .003 .004 
ig. 92--Сопдепвег Jars іп Series. | = .00092 microfarads. 


86. How to Place a Charge in a Condenser.—The condenser of a radio 
transmitter may be charged from two sources: | | 


(1) By the step-up voltage induction coil; 
(2) By the alternating current step-up transformer. 





The alternating current transformer is almost universally employed in radio sets to 
charge the condenser, because it overcomes the limitations of the magnetic interruptor. 
A transformer can convert a practically unlimited amount of power into high voltage 
current whereas the induction coil with a magnetic interruptor is limited to about 1 K. W. 


| А condenser can be given а heavy charge by the apparatus shown in Fig. 93. A high- 
voltage A. C. transformer, 10,000 to 30,000 volts, is connected to the terminals of three 
condenser jars, and when the current is turned on, a violent discharge takes place at the 
gap 5-1. SEI 





000 V. 


а — === 


WO VOLT 
AC. 


20 






C 





Fig. 93.—Apparatus for Production of Radio Frequency Oscillations. 





| In the diagram Fig. 93 P is the primary winding of an alternating current transformer 
| taking in current at the pressure of 110 volts, which is transformed in the secondary wind- 
| ing S to a pressure of 20,000 volts. C is a battery of condensers and ЈЕ a radio-frequency сой 
consisting of а few turns of rather coarse wire or copper tubing (without an iron cong) 5 
S-1 is the spark discharge gap, the usual form being two brass or zinc rods about 72 in > 
ог less in diameter. 3 | у, M 

When current is flowing through the primary winding P, with correct separation of the 
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84. _ PRACTICAL WIRELESS TELEGRAPHY. 


cycles of current may take place, before the charge originally placed in the condenser i is com- 
pletely dissipated. 


Ж. 1 | 
fact, a single cycle may take place in ————— of a second, or, in other words, at the rate of 


1,000,000 
1,000,000 cycles per second, or at even higher frequencies. 


The frequency of the oscillations during the discharge of a condenser varies inversely as 
the square root of the product obtained in multiplying the inductance of the circuit in henries 
by the capacity in farads, or 


1 
= 
2т У ЫС 
If L be converted to centimeters and C to microfarads, the formula becomes: 
Wc 5,033,000 
VUA EIER 


Ав ап ехатр1е, assume that the condenser C, Fig. 95, has capacity of .001 microfarads and 
the coil L inductance of 25,000 centimeters (or 25 microhenries) then the frequency 


5,033,000 
N = ———————— — 1,000,000 cycles per second approximately. 


V 25,000 x .001 


The quotient of this problem does not imply that 1,000,000 cycles of current actually took 
place in one second but that during the period of oscillation, the condenser discharged through 
the inductance at this rate. It must be remembered that the condenser is being charged by an 
alternating current and in the case of the 500 cycle alternator it will be charged 1,000 times; 
hence in one second there are a number of idle periods during which the condenser receives no 


charge. 


The student should not confuse the actual nwmber of oscillations in a circuit such as shown 
in Fig. 95 with the frequency of the oscillations. As has just been explained the oscillation 
| «pt frequency is determined by the dimensions. 
(inductance and capacity) of the oscillatory 
circuit whereas the number of oscillations 
per single spark is a function of the total 
damping of the circuit. It should be under- 
stood that an oscillation circuit like that of 
Fig. 95 if charged by an alternating current 
always will produce, during discharge, 
$ oscillations of constantly decreasing ampli 
tude or damped oscillations. 


A circuit like that of Fig. 95 is 
termed a circuit of radio-frequency. 
The complete apparatus may be called 
an oscillation generator and the suc- 
cessive cycles of current are termed 


24000 cms. 











001 MFD. 


Fig. 95—Closed Oscillation Circuit. 


 high:frequency or radio- frequency electrical oscillations. When this apparatus 


is employed to generate oscillations of radio-frequency for the: production of 
electric waves, the circuit is denoted as © closed oscillatory circuit to о 
it. from the open or radiating circuit. 


88. Effect of Resistance on Oscillations.—If іп any given oscillation circuit, 


* If the effective resistance of R of an oscillatory circuit be taken into account, the formula for 


1 1 R? | 
--------- but in the closed oscillation circuits of a practical radio telegraph 
25. LC 412 





frequency becomes N— 
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26 PRACTICAL WIRELESS TELEGRAPHY. 


It was shown in paragraphs 45 and 46 that a much greater current will flow іп an alternat- 
ing current circuit if it contains inductance and capacity of such value that the reactance оі 
capacity and the reactance of inductance are equal and opposite. This condition exists ir 
the circuit Т^, C, A of Fig. 96 when the ammeter gives the maximum deflection, e. g., the 
reactance of the inductance L' equals the reactance of the condenser С: and therefore the flow 
of current in circuit L', C, is governed by its frictional resistance. The maximum amount o! 
energy will be obtained under these conditions. қ 


Two ог more circuits of radio-frequency are said to be in electrical resonance 
when the product of the inductance multiplied by the capacity gives a like figure 
in each. Or, stated in another way, two circuits are in resonance when they have 
the same oscillation constant. This factor is obtained from the V L C. Circuit: 
having like,oscillation constants will have the same discharge frequency wher 
set into oscillation, and, therefore, they are in electrical resonance. Applying thi: 
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Fig. 97a—Plain Aerial Excitation. 
Fig. 97b—Showing Position of Short Wave Condenseg and Aerial Tuning Inductance. 
Fig. 97c—lIllustrating the Effective Capacity of an Aerial. 


to the circuit of Fig. 96 we see that no matter how large or how small the values 
oL ÈE and C; Land Ci тау Бе dit V L Cz V. C! CS the circuits ane їп sube 
stantial resonance. 


As an example: If in Fig. 96, L = 25,000 centimeters; C = 001 micro- 
farads; ІЛ = 5,000 centimeters and С: = .005 microfarads; then L X C = 


proc CU ог VL Cor VIE Q5). 


90. The Open Circuit Oscillator.—In the closed oscillation circuits of figures 
95 and 96, the capacity of the condenser and the inductance of the coil are said 
to be concentrated, the static field being stored up mainly between the plates of 
the condenser and the magnetic field mainly about the coil. 


An open circuit oscillator*, such as shown in Fig. 97a, may have distributed 
inductance and capacity or both distributed and concentrated values of inductance 
and capacity as in Fig. 97b. ME 





_ «Тһе capacity of this vertical wire lies in its ability to store up static lines of force and the 
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99 PRACTICAL WIRELESS TELEGRAPHY. 


accompanied by a magnetic field both being radiated at right angles to each other and to the 
direction of propagation. (The magnetic field for a single cycle of current in the oscillator is 
shown in Fig. 100). This wave motion is propagated 
through space at a velocity of 186,000 miles per second 

corresponding to 300,000,000 meters. | 
At a distance from the aerial system and near to the 


= IIT earth we may crudely represent the fluxes of this wave 
сс у У) Му motion by the circles and arrows of Fig. 101. Тһе 
a e > —*_A_w vertical arrows represent the electrostatic field and the 
| =e — small circles the magnetic field. If these two fluxes- 
vid RO E: act upon another vertical conductor (or elevated ca- 
——-HdEI---.. 2 pacity) of identical natural frequency of oscillation as 
«i CLE : ТУСУ mw the transmitter aerial, a feeble current will be induced | 
ar | | which can ђе de- 


tected by several 
methods. If means 
are provided to 
control the energy 
of the radiating 
station in the form 
of the .dots and 
-dashes of the tele- 
graph code and if 
appropriate ` d e - 
vices are supplied 
at the receiving 
station whereby 
the received en- 
ergy can be inter- 
preted or made 
audible, we then 





. б саа 
0) ааа 
== 


| 2 | : have a complete 

Fig. 100—Magnetic Field around an Fig. 101—Aerial in Path of Advancing . System of wireless 
aerial for three alternations of current. Electromagnetic Wave. telegraphy 
c • 


91. The Length of the Electric Wave.—If we were to determine the length 
of a single wave, in a wave motion like that of the diagram Fig. 102, we would 
simply measure the physical distance between two points іп the successive waves | 
where the disturbance is at a maximum or a minimum, as from А to B or C to D, 
or between any two points of equal disturbance. Similarly the distance between two 

ANI points in twosuccessive electric waves 
аа | where the electrostatic or the elec- 

A Lag SE PI tromagnetic field is maximum and in 

| ^N Ње same direction would be the 
wave length of the electromagnetic 
wave. ‘The distance from А to B in 
Fig. 99 represents the length of one 
complete wave, which can be ex- 





ONE WAVE _ | ONE WAVE... | : А 
А eh B (рата pressed in feet or in meters. The 
Fig. 102.—Showing Measurement for the Length of a standard wave lengths of commercial 
сае Ме, radio-telegraphy are 300, 450 and 600 


meters corresponding approximately to 1,000, 1,500 and 2,000 feet. 

The relation between the velocity of. electric waves, the length of a single wave and the 
number generated per second, can be explained as follows: Assume, for example, that 1,000,- 
000 waves pass a given point in a second of time and that each. wave is of 300 meters length; 
then the distance through which the first wave has travelled in one second will be equal 
to the number of waves multiplied by the length of one wave or 1,000,000 X 300 ог 


- 300 ANN ANN meters Tn other words. the distance travelled bv the wave motion in one second 
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90 PRACTICAL WIRELESS. TELEGRAPHY. 


When we speak of the wave length of a closed oscillation circuit reference is made to th: 
particular frequency at which the circuit oscillates and to the length of a single wave in th 
resultant wave motion if the circuit were radiative. Thus if the frequency of a given close 
oscillation circuit is 500,000 cycles per second, it would correspond in the case of an oper 


_ circuit oscillator to a wave length of 600 meters. Hence, we would state that the wave lengtl 


of the closed oscillation circuit is 600 meters. 


The wave length of a closed oscillation circuit may be computed as follows 
Wave length = 59.6 Х у L Е. 


where = = the inductance of the circuit in centimeters; 
and C = the capacity of the condenser in microfarads. 


We see from this that if a given closed oscillation circuit had inductance ol 
10,000 centimeters and capacity of .01 microfarads, the wave length would be 


59.6 X ~ 100 = 596 meters. 


93. Logarithmic Decrement of the Oscillations —When electrical oscilla- 
tions are created in an antenna or 
other circuit by means of condenser: 
discharges, each electric spark dis- 
charge creates a train of oscillations 
which die away. The oscillations are 
assumed to decay away according tc 
the law that the ratio of any oscillatior 
to the one preceding is constant. This 
constant ratio is called the damping of 
the oscillation and the Naperian loga- 
ИА | rithm of the ratio of one oscillation 
} ЖҚ to the preceding one is called the 
Fig. 103—Highly Damped Oscillations. logari th $ je esee | 

Thus in the group of oscillations of Fig. 103, the maximum amplitudes ој 
successive alternations are represented by A‘, А“, Аз, Ае ес, and 








А А AS 
АЗ ТАЕ АТ? etc. 
In terms of logarithms we' may write 
А: ; 
+ — € 
АЗ 


where е = base of the Naperian system of logarithms: 
$ — а constant termed the logarithmic decrement. 


By transposition 

A} 

Де и i 

If we assume that the oscillations in a circuit are extinguished when the ampli- 


tude of the last oscillation is .01 of the initial oscillation, the complete number of 
oscillations (M) in a spark discharge can be computed as follows: 


ô EE € 





Al 
Ах 
М m 
A1 
ТЕ we denote the last oscillation by Ax then — = 100, and since the Logarithm of 100 = 4.605 
Ах. 
then 
4.605 + 6 


M= 
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92 PRACTICAL WIRELESS TELEGRAPHY. 


plete oscillations took place per minute, the time period of one oscillation would be one 
second. This could be easily arranged if the string of the pendulum had a certain length and 


the bob a certain weight. 


Assume that the bob oscillated in front of a scale calibrated in inches as in Fig. 105a and 
that at the beginning of the first oscillation 


it was drawn from the zero position out- 
ward to a distance of 15 inches. On ac- 
.count of wind friction, at the end of one- 
‘half oscillation the bob would not have 
travelled 15 inches from the zero position. 
Under suitable conditions it would move 
outward, let us say, 14.2 inches and in the 
return swing, its movement would be still 
less, say 13.5 inches. That is, the swing of 
the second oscillation would be 177 inches 
less than the initial oscillation. 


If we observe the length of the succes- 
sive swings and plot the results as in Fig. 
104, we would obtain a group of decaying 
oscillations which would bear the following 
ratio to one another. If the horizontal axis 
A, B is divided into seconds, and the ampli- 
tude of the right and left swings of the 
pendulum shown by the notations on the 
vertical axis, (0 to 15, in either direction) 
then the amplitude at the termination of a 
complete period or at any partial period of 
oscillation will be as follows: at the end 
of the first half period, the amplitude of the oscillation will be 14.2; at the end of a complete 
period, 13.5. After the pendulum has been in oscillation for 114 seconds, the amplitude will 
be 12.8 and at the end of two seconds, 12.1 and so on. 





Fig. 105a— Pendulum for Illustrating Damping. 


. It is to be especially noted that the ratio of the amplitude of the successive oscillations is 
constant, e. g., 15/13.5 — 1.11; 13.5/12.1 — 1.11, and so on. This ratio will be constant to the 
end of the swings of the pendulum because it is a law of all mechanical oscillating motions, 
that the oscillations will die away.at such rates that the ratio of successive amplitudes remains 
constant. This is the condition assumed to exist in the spark discharge circuits of radio 
transmitters. 


It should now be clear that if the friction to the oscillation of the pendulum were increased 
by attaching a cardboard damper to the pendulum, the swings would die out more rapidly and 
the ratio of the successive amplitudes would take a higher figure. Тһе damping of the 
oscillations weuld thus be increased. We see from this that slow damping corresponds to 
a great number of swings of the pendulum whereas rapid damping corresponds to a small 
number of swings of the pendulum. | 


Now the ratio of the amplitude of two successive oscillations is called the damping factor 
and the logarithm of this ratio is called the logarithmic decrement. In the problem cited the 
ratio is 1.11 and if reference is made to any table of Naperian logarithms, the logarithm of 
1.11 will be found to be approximately 0.10. Similarly if the ratio were 1.22, the logarithmic 
decrement would be 0.2, the limit allowed by law. | 


The decrement of the oscillations flowing in the aerial of a modern radio-transmitter is 


| : | 4.605 -- 05 — 
frequently .05 per complete cycle, hence for each spark there will be —————— or 92 complete 
| .05 | 


oscillations. 


It is now apparent that the feebler the decrement, the greater will be the number of 
oscillations per spark and provided their amplitude does not fall too much, the stronger will 
be the current induced in the receiving aerial per spark of the transmitter. This combined 
with the favorable tuning qualities of a feebly damped transmitter brings about very destrable 
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94. PRACTICAL WIRELESS TELEGRAPHY. 


voltage which results in the production of more powerful oscillation. Then by proper adjust- 
ment of coupling, these oscillations may be tránsferred to the antenna systems at a certain 


rate and radiated in the form of electro-magnetic waves. 


` Inductive coupling of the open and closed oscillation circuits is shown in the 
diagram, Fig. 106. The spark gap S is now placed in the closed oscillation 
circuit, the oscillations generated in the latter are transferred to the antenna 
through the oscillation transformer, L, L-1. 


When the condenser discharges through L, the lines of force cut through Lt, 
setting up in the aerial circuit oscillations of similar frequency provided the aerial 
circuit is carefully tuned to the closed circuit, Windin& L is seen to serve the 
double purpose of governing the frequency of the oscillations in the condenser 
circuit and transferring them by magnetic induction to the aerial circuit. 


-If L and Lt are closely coupled, the oscillations in the aerial system will be damped out 
rapidly due to а part of the energy being retransferred back to the spark circuit, but if L 
апа ІЛ are loosely coupled (drawn apart) the oscillations in the aerial circuit will be damped 

out less rapidly. We see from this that the 


AERIAL tuning qualities of the transmitter are 
МИ largely controlled by the coupling of the 


oscillation transformer. It is usual to ad- 
just the coupling to a degree that will give 
oscilations of fairly feeble damping pro- 
vided the flow of the current in the an- 


tenna circuit is not seriously reduced 
thereby. 


Conductive coupling of the closed 
and open oscillation circuits is shown 
in Fig. 107, where an auto transform- 
er is employed to transfer the oscilla- 
tions to the antenna. In this diagram 
the turns from A to B constitute the 
primary winding and the turns from 
C to D, the secondary winding. When 
на condensers C-l, С-2, discharge 
Se through winding P, an alternating 
magnetic field threads through 5, 
which follows the primary current. 
Oscillations of radio- -frequency are thus induced in the secondary circuits. The 
advantage of this method of coupling lies in the simplicity afforded by the use 
of a single helix for transforming the oscillations. The inductively coupled sys- 
tem, on the other hand, requires a primary and secondary helix with the necessary 
mechanical arrangements for adjust- 
ment of the coupling. There is little 
difference in the degree of efficiency 
obtained by these two methods of 
coupling; but the coupling between 
the closed and open oscillation 
circuits can be more easily adjusted 
by the inductive transformer than 
by the conductive transformer. If 
the earth connection to the helix 
in Fig. 107 is fitted with a contact 
clip, the turns included from C to D 
can be placed at a distance from the 
turns in use between A and B and in 
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Fig. 107—Conductively Coupled Transmitter. 
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100 PRACTICAL WIRELESS TELEGRAPHY. 


field rheostat, the voltage of the generator armature will be reduced and cor 
versely if the resistance of this rheostat is decreased, the voltage of the generatc 


will increase. mra 

The terminals of the secondary winding of the high voltage transformer a1 
connected to the terminals of a battery of condensers where the energy is store 
up temporarily in the form of electrostatic lines of force. When the limit c 
charge for each alternation of charging current has been reached, the condens: 
will discharge across the spark gap through the primary winding of the oscillatia 
transformer, the discharge consisting of a number of radio-frequent oscillation 
The frequency of the oscillations will decrease if inductance 15 added at tk 
primary winding or increase if the inductance be reduced. Ап increase or d 
crease of the capacity of the condenser affects the frequency in the same manne 
e. g., а reduction of capacity will increase the frequency of the oscillations whi 
an increase of capacity will reduce the frequency of the oscillations. 

The oscillations flowing in the closed circuit are transferred to the aerial си 
cuit through the oscillation transformer and a portion of the energy is radiate 
from the antenna in the form of electromagnetic waves. In a simple single wit 
aerial system, the wave length of this wave motion will be approximately 4. 
times the. length of the oscillator. The length of the radiated wave 
fact varies inversely as the frequency of the oscillation. The higher frequencie 


-such as 500,000 and 1,000,000 cycles per second correspond to the shorter wav: 


600 meters and. 300 meters respectively, while lower frequencies of osci 
lation from 30,000 to 100,000, for example, correspond to the longer waves fro: 
10,000. meters down to 3,000 meters. » 

If a receiving aerial be erected at а distant station and its natural time peric 


of oscillation adjusted to the frequency of the oscillations flowing in the tran: 


mitter aerial, feeble currents will be induced in it which by appropriate devic 


may be heard in the receiving telephone. More clearly, the fluxes of the advancin 


wave will induce currents in the receiving aerial having substantially the fr 


quency of the oscillations in the transmitting aerial. By appropriate devic 
within the station, these currents can be translated into the language of the sende 


од. Numerical Values for a Standard Radio Set.—In order to familiari 
students with the power consumption, the capacity and inductance of. the various elemen 
in a Marconi transmitting set, the following data is presented. The motor of tl 
2 К. W. 500 cycle panel transmitting set takes 4.3 Н. Р., the generator delivers 2 K. V 
Current enters the motor armature at 110 volts D. C., but the voltage developed at tl 
generator armature is approximately 380 volts on open circuit and approximately 1; 
volts when the transmitting key is depressed. The frequency of the generator is 5 
cycles (this frequency is now.standard). | 

The transformer is of the closed core type; the secondary potential is 14,500 vol 
The capacity of the condenser for the 450 and 600 meter waves is .012 microfarads, but f 
the 300 meter wave it is reduced to .006 microfarads. | 

Тһе primary winding of the oscillation transformer has maximum inductance of a 
proximately 10,000 centimeters correspondingly lesser values being uséd for the short 
waves. The secondary winding has approximately 30,000 centimeters while the two aeri 


tuning inductance coils have combined inductance of about 80,000 centimeters. Тһе aeri 


ammeter has range 0-25 amperes, the wattmeter, 0-3 kilowatts. 

For the standard 14 К. W. set the motor is rated at 1 H. P., the generator at 1 К. V 
Тһе voltage at the transformer is about 15,000 volts and the capacity of the closed circt 
condenser .004 microfarads. Тһе inductance .оЁ the primary ai the wave of 600 meters 
approximately 25,000 centimeters. Lesser values: are, of course, employed for the 300 а: 
450 meter waves. The secondary inductance would, of course, be the same as with tl 
2K. W. set. : ^ 
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102 PRACTICAL WIRELESS TELEGRAPHY. 


maintain this state of adjustment; in fact, in the majority of cases, multiple dis 
charges are found. 


The chici difficulty with the plain gap is the tendency to form an arc with consequer 


impurity of the oscillation. Various methods have been devised to prevent the gap arcin 
such as the use of several gaps in series, ог the applying of an air blast either at righ 
angles to the discharger or through hollow. electrodes to the center of the spark discharg: 
The latter method is particularly successful for not only is arcing prevented but a ver 
clear spark note is obtained as well. Gaps of this construction are generally used i 
transmitting sets employing 60 cycle current transformers or induction coils as a sourc 
of high voltage current. (See Section G, Appendix.) 


(b) The non-synchronous rotary spark discharger generally consists of 
circular disc of metal or some insulating material fitted with 8 or 10 metal spark 
ing points equally spaced about the circumference, the disc being mounted on th 
shaft of a direct current motor with a speed controlling rheostat connected ii 


series. Тһе disc revolves between two stationary spark electrodes which can b 
carefully regulated in respect to th 


revolving electrodes. When the tw: 
e stationary electrodes are connected її 
series with the closed oscillation cir 
cuit of a transmitter, the spark wil 
discharge whenever an electrode o 
the disc comes opposite the station 
ary electrodes and the pitch of Ни 
note will vary as the speed of th 


motor. 3 
The non-synchronous rotary dis 
charger is usually fitted to 6( 
- cycle alternating current transmittins 
sets, to produce a spark discharge o 
musical pitch, but it may be employe 
with alternating current transmitter: 

of any frequency as well. 

"The construction of the non-synchronous gap is shown in the drawing, Fig. 113, wher: 
an insulated disc D is mounted on the shaft of the motor M. Equally spaced about th: 
periphery are the spark electrodes, E, E, which extend through the disc. Two stationar: 
гейге, D1, D1, are mounted on a base | 
and are connected to the condenser and 
inductance as shown, At the moment one 
of the electrodes on the disc comes be- 
tween the stationary electrodes, the spark 
will discharge and owing. to the equal 
spacing of the spark points, the spark note 
partakes of а musical pitch. Experiments 
with this gap indicate that the most ef- 
fective results are obtained (with 60 cycle 
current) when the disc is driven at a 
speed that will give from 200 to 300 spark 
discharges per second. The discs are fitted 
with the correct number of spark elec- 
trodes to give a spark of this frequency 
when driven by a motor at speeds varying 
from 1,800 to 2,400 revolutions per minute. 
A modified type of the non-synchron- 
ous gap is shown in Fig. 114 where four- 
teen stationary sparking points are mounted 
on two brass-sectors. А light contact arm, 
A, B, carrying two spark discharge points 


is attached to the shaft of a high speed Fig. 114—Another Type of Non-synchronous Dis- 


р И ега де А Шаға Че ы iE iere 





Fig. 113—Non-synchronous Rotary Discharger. 
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Тһе necessity for mounting the disc discharger on the shaft of the alternator will 1 
at once apparent for if the disc were mounted on an independent motor, any variation in th 
line voltage would cause the “coming together of the electrodes” and the alternations « 
the charging current to fall out of step, but when the disc is mounted on the shaft an 
reduction of the frequency of the charging current will be immediately compensated fc 
"by the simultaneous reduction of the speed of the disc. | 


In the diagram of Fig. 116, the moving electrodes (mounted on the disc) are shown : 
1, 2, 3, 4, etc. The spark, for example, passes from stationary electrode А to an electroc 
on the disc, through the disc and out at electrode B. Тһе effective length of the rota: 
discharge gap is much greater than the actual distance between the stationary and revolvin 
electrodes would indicate; actually the spark. discharge begins long before the electrode 





ELECTRODES 
ON DISC. 


UBER 





MUFFLING 
DRUM 


Fig. 116—2 K. W. Synchronous Disc Discharger of the American Marconi Company. 


are directly opposite. Непсе for favorable working the minimum distance between t 
electrodes should be about .005 inch. This will give a clear spark discharge and will n 


subject the condenser to abnormal strain. | 3139, > 

= One great advantage of the synchronous discharger is that it permits tl 
handling of very large powers. In fact, the Marconi Company have construct 
and successfully operated such dischargers at 500 K. W. with marked results. 


An additional advantage of this gap is that it prevents the oscillations in tl 
aerial circuit being retransferred to the closed circuit resulting in more efficie 
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106 PRACTICAL WIRELESS TELEGRAPHY. 


at single fundamental frequency and will radiate a single wave. Тһе ideal spark тај 
is one which permits the closed circuit to oscillate for a period of just sufficient length tc 
build up the oscillations in the aerial circuit to their maximum amplitude. Then the 
oscillations in the condenser circuit should cease permitting the antenna to continue ir 
oscillation until its energy is dissipated. : | 

If the coupling between. the open and closed circuits is sufficiently loose, quenching o! 
the primary oscillations will be obtained with practically any type of gap but the advantage 
of this particular type lies in the fact that quenching is secured with very close coupling. 
which gives increased values of antenna current. ` The precise action taking place in a 
transmitter employing a quenching gap can be shown as in Fig. 118 where a group of 
oscillations in the open and closed circuits of a transmitter appear.. It will be seen that 
the closed circuit oscillates for a very brief period, or until the oscillations in the aerial 
circuit reach their maximum amplitude after which the oscillations in the closed circuit 
will be “quenched” out. 


Summarizing the foregoing, it will be seen that the quenched gap offers sev- 
eral advantages, if used in properly designed and tuned circuits: 
(1) It is noiseless in operation; 
(2) Has no moving parts; | 
(3) Permits the use of low voltage transformers; 
(4) Gives synchronous discharges (when properly adjusted); 
(5) Gives very large values of antenna current because of closer coupling. 
The quenched discharger has not been found satisfactory for very high powers 
and in such installations some form of the Marconi disc discharger is employed. 


102. Adjustment of the Spark Note.—It is highly important that the 
| spark gap of any radio transmitter be ad- 
justed to give a uniform discharge, having, 
| | | if possible, а musical pitch. А uniform 
spark discharge not only permits the sig- 
3 | nals to be more easily deciphered at the re- 
: . ceiving station through atmospheric ог 
CLOSED . Static. discharges, but also permits better 
formation of the characters of the tele- 
| graph code on the part of the sending oper- 
| | sf ator. In addition, the pitch of the note has 
| Br : a marked effect on the response of the re- 
| ceiver telephone. diaphragm, there being a 
| critical spark frequency for maximum re- 
| sponse with different types of telephones. 
: In the case of the plain spark discharger, 
the pitch of the note while governed 
| primarily by the frequency of the alter- 
nator, is also dependent upon other factors 
such as, | 


| (1) The length of the gap; 
| ! . (2) The voltage of the generator; | 
| OPEN (3) The capacity of the condenser; 
| | (4) The design of the spark electrodes; 
| | | | | | (5) Thenature of the surrounding medium 


| | | | l nnn whether gas or air. 
Now the capacity of the condenser in 


| | | | | | ШІ the usual radio set is a fixed quantity, 
| hence, the correct note for this gap is found 


by increasing or decreasing the length of 
the discharge gap or by adjustment of the 
transformer voltage. es 

Blunt discharge electrodes give an ir- 
regular spark note whereas sharp pointed 
electrodes give a high pitched note, but they 
generally diminish the amplitude of the 
necillatiqn А comnromice hetween ‘all these conditinne іс лена М affactad 


Fig. 118—Showing the Oscillations in Closed and Open 
Circuits of a Properly Adjusted Transmitter. 
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108; 2: PRACTICAL WIRELESS TELEGRAPHY. 


angle to the primary or at any required intermediate position, which permits close 
regulation of the transformer coupling. Тһе effect of tilting the secondary at a 
right angle to the primary is shown іп Fig. 120 where the coupling is practically: 
zero. It will be seen that the lines of force of the primary are parallel with the 


. PRIM. SEC. COPPER STRIP 






Fig. 122—Pancake Type Oscillation Transformer. 


turns of the secondary and therefore no induc- 
tion takes place in the secondary but in the posi- 
tion, Fig. 121, the lines of force cut the secondary 
turns at a right angle and the coupling is maxi- 
mum. | gt 
In all transmitting sets it is advantage- 
| ous to have the inductarice of the primary 
Fig. 121—Showing Position of OF the secondary winding continuously та- 





Maximum Coupling of T 59 7 1 1 . 
оао «уне riable, i. е., the construction must be such that 
former. . the entire inductance can be gone over inch by 


| inch with a sliding contact. An oscillation trans- 
former of this type is shown in Fig. 122. The primary and secondary windings 
consist of a spiral of copper ribbon placed edgewise on an insulating disc. The 
handle is fitted with а. sliding contact which permits any amount of inductance to 
be inserted in the circuit, inch by inch. The same handle that varies the induct- 
ance is used to draw the primary and 
the secondary windings apart, thus 
varying the coupling. - 

In a certain foreign radio system, an 
inductance element known as a variometer 
inductarice is employed to change the de- 
gree of coupling between the closed and 
open circuits of radio-frequency. Briefly, 
it consists of the windings А and B, Fig. 
123, comprising two coils which can be 
magnetically opposed to each other. Тһе 
coils are connected in series and when di- 
rectly opposite the inductance is at a mini- 
mum value, but when B is drawn away 
from А the inductance gradually increases, 
maximum inductance being obtained when 
they are drawn completely apart. 

If the variometer is connected in the 
aerial system as in Fig. 124, and its self- _ : 
inductance gradually increased, the mutual [22е 
induction between the open and closed | | | 
circuits will be increased and therefore the Fig. 123—Showing Fundamental Principle of the Vario- 
coupling. | : rn 

To be efficient and to have a minimum resistance, variometers must be wound with 
stranded copper cable made of a great number of small strands each of which is insulated 
from neighboring ones. А stranded cable made in this way is called “Litzendraht” which 
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Ho PRACTICAL WIRELESS TELEGRAPHY. 


capacity of approximately .002 mfds. and since four are connected in series, the 
resulting value is .0005 mfds. | 


А very recent type of short wave condenser manufactured by the Marconi Company is 

| shown in Fig. 128. Four copper plated 
glass jars are mounted on a metal rack 
and connected together as follows: Con- 
nection 15 made from the binding post E 
of the left hand inside jar A to the aerial 
system. The outer coating of jar A rests 
on the inside coating of the jar B. Тһе 
outside coating of jar B makes contact 
with the outside coating of the jar D 
through the metal rack. The circuit con- 
tinues on from that point in just the re- 
verse direction, to that cited in the first 
case, finally ending at the binding post of 
jar C. The four jars are thus connected 
in series and have combined capacity of 
0005 mfds. Тһе short wave condenser may be connected in series with either the aerial 
wires ог the earth lead. | 


106. High Potential Condensers.—The Leyden jar type of condenser has 
been described in paragraph 84. Тһе assembly of the flat plate condenser is 
shown in Fig. 129 where three banks of condenser plates are connected in series. 
The student should note from this diagram how the connecting tabs are brought 
out from the sheets of tinfoil and the manner in which the plates are stacked ар. 
It will be seen from the detail thata  . и | 
left hand tab plate is stacked up 
against a right hand tab plate and so 
on until the required capacity is ob- 
tained. When one group is com- 
plete, the entire unit is bound with 
canvas tape and immersed in a tank 
of oil. | 

The tinfoil is first attached to the 
condenser plates by means of a good 
grade of fish glue after which it is al- 
lowed to dry. Тһе plate is then coated 
with shellac or hot paraffin and after dry- 
ing again is ready for use. 


Owing to the general inconvenience 
of assembling, an oil condenser of this 
type and the bother of replacing a broken 
plate, in case of breakdown, it is grad- 
ually being eliminated from ship sets. In 





Fig. 127—Drum Type Aerial Tuning Inductance. 
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den jar affords a distinct advantage be- Fig. 128—Short Wave Condenser American Marconi 
cause a broken jar can be replaced within Company, 
а few minutes. In event the charging current exceeds 15,000 volts a series parallel connec- 
tion of condenser plates is required. This connection divides the voltage between the two 
banks and thereby reduces the strain on the dielectric. АК 

Compressed air condensers аге in use but the expense of constructjon does not warrant 
their general adoption. Briefly, the construction is as follows: А number of interleaved 
steel plates are enclosed in a cylindrical tank, one set of plates being insulated from the 
structure. The tank is pumped to pressure of 250 pounds air pressure which has sufficient 
dielectric strength to withstand potentials of 25,000 volts. Тһе dielectric losses in a con- 
denser of this type are, of course, zero and a permanent rupture of the dielectric medium 
is not possible. The tanks are very cumbersome and some difficulty is experienced in 
keeping them air tight. | 
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greatly impede the radio-frequency oscillations. Hence the secondary winding is protected 
from injury. 

108. High Voltage Transformers.—The constrüction of the open and 
closed core types of transformers of the Marconi Company is shown in Figs. 131 


and 132. 
The primary coil of the open core transformer is wound ona core consisting of 
a bundle of fine iron wires bound in circular form. The core is covered. with 


N i 
PRI 1-5 =: | 
М ; ч шшш SEC 
Ten ERE CONDENSER, 
mit іші 


©: xn 
| А Fig. 130—High Frequency Choking Coils. | 

several layers of insulating tape followed by two ог three layers of rather coarse 
copper wire, such as No. 10 or No. 12 S. C. C. The entire primary is then in- 
serted in an insulating tube. The secondary winding is composed of several sec- 
tions, each consisting of a number of thin pancakes wound with rather fine wire, 
such as No. 26 to No. 32. 


Dry insulation is employed and in the larger sizes a blast of air is blown 
through the Dun core to keep the transformer cool. Тһе open core transform- 


ers are designed for primary 


potentials from 110 to 500 
volts and for frequencies from 
60 to 500 cycles. Тһе sec- 
ondary potential rarely ex- 
ceeds 15,000 volts. 


Fig. 131 is one of the open- 
core type supplied with the 
2 K. W. transmitters of the 
American Marconi Company. 
The primary core and wind- 
ing are inserted in a Micarta 


ondary turns are split into 
groups, each consisting of 
several small pancakes of fine 


secondary turns are covered 


transformer case has a third 
electrode, which is connected 
to earth. The primary termi- 





and the secondary terminals 


ELS ЗА А Ge ри аға 1140108 +еА nn tha tan 


insulating tube, but the sec- 


Тһе transformer shown in. 


wire connected in series. The 


; by an insulating tube which. 

thoroughly clamped іп 
SEEN A safety spark сар 
mounted on the top of the 


nals are underneath the base 
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114 PRACTICAL WIRELESS TELEGRAPHY. 


If the primary power is to be reduced by steps a reactance regulator is requir 
with any type of set. 


109. Reactance Regulators. —The flow of current through an alternati: 
current transformer is preferably 
regulated by a “choking” coil of | WINDING 
high self-inductance rather than by 
a variable resistance. These coils, 
which are termed choking coils or 
reactance regulators, generally con- 
sist of a few turns of heavy insu- 
lated copper wire wound over an 
iron core. 

Two types are shown in Figs. 134 and 
135. When ап alternating current 
passes through the coil, the correspond- 
ing magnetic lines of force rise and fall 
with the current, but the collapse of the 
field sets up a counter E. M. F. which 
acts as an effective resistance. The flow 
of current can be varied by a multi- 
point switch as in Fig. 134, or by draw- - 
ing the iron core in and out of the windings a as in Fig. 135. In the design of Fio 135 34 54 
shaped iron core is inserted in two windings connected in series. Тһе sok ша Но oft 
coil is varied by moving the core in and out the windings. 





Fig 1347 Drimary Reactance Coil. 


Certain types of high potential transformers are designed for direct connection to t 
power mains, and therefore they do not require a reactance regulator. 


110. Aerial Changeover Switch.—The object of the aerial switch 15 
connect the aerial alternately from the transmitting to the receiving apparati 
Because of the potentials of the transmitting apparatus, the receiving apparat 
must be completely disconnected fro 
the transmitting aerial by а swit 
with a break of at least 6 inches 
length. 


An aerial switch of recent design, t 
type S. H. switch of the Marconi Compa: 
is indicated in Fig. 136 with the necessa 
diagram of connections for a commerc 
radio installation. When the handle of t 
switch is thrown upward, the apparatus 
connected for receiving, but іп the dow 
ward position the transmitting apparat 
functions. The switch controls sever 
| other important circuits as well as tl 
aerial circuit connection. Thus when the switch is thrown to the transmitting position, 





Fig. 135—U Shaped Reactance Coil. 


(1) Contacts A, B, close the D. C. circuit to the generator field; 

(2) Contacts C, D, close the circuit to the automatic motor starter or to a mot 
driven blower; 

(3) Contacts E, F, close the circuit to the primary winding of the power tran 
former; 

(4) The spring contacts R, R, spring together and connect the transmittir 
apparatus to the aerial system. · 

(5) The circuit to the primary winding of the receiving tuner is broken betwee 
G and K; 

(6) Contacts L and M place the detector on short circuit; d бо 

(7) Contacts N and О short circuit the telephones. adig 

The reverse connections and disconnections, of course, take place when the switchi» 
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. — PART VIII. 


AERIALS OR ANTENNAE 


112. FUNCTION OF THE AERIAL. 


113. DETERMINATION OF THE 


WAVE LENGTH FROM THE DIMENSIONS OF АМ AERIAL. 
114. FUNDAMENTAL CONSIDERATIONS. 115. Various TYPES OF 
AERIALS. 116. DIRECTIONAL AERIALS. 117. STANDARD Mar- 


_ CONI AERIAL. 118. THE Deck INSULATOR. 119. INSTALLA-_ 





118 PRACTICAL WIRELESS TELEGRAPHY. 


mentioned that the natural wave length of a four-wire horizontal aerial with the wires space: 
жо 2% feet apart will be approximately 4.4 to 4.8 times the total length of the aerial, that i: 
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Fig. 140—Umbrella Type Aerial | 


the length from the extreme end down t 
the apparatus at the station house. Thi 
factor is, of course, extremely approxi 
mate, for it does not take into account th 
presence of nearby conductors, such a 
chimneys, metal roofs, mast guys, trees 
etc, some of which have the effect of in 
creasing the capacity of the system. 

For an aerial system comprising, let u 
say, four wires spaced 21% feet apart, th 
natural wave length is not much greate 
than that of a two-wire aerial with equiva 
lent spacing, because although the additio: 


of wires increases the capacity slightly, i 


also decreases the total inductance of th 
system, and generally these two factor: 
nearly offset each other. Thus, іп a giver 
instance, a two-wire aerial with wire: 
spaced 8 feet apart had a natural wav: 
length of 325 meters, and the addition o 
two wires (inserted between) merely in 
creased the wave length to 345 meters. 

If the wires of an aerial are widelh 


spaced apart, the capacity is greatly increased, and the total inductance somewhat increased 
due to the diminishing of the mutual inductance between adjacent wires. But the increase 
of capacity exceeds the decrease of inductance, and the natural wave length will therefore 
be increased considerably. In practice, it is the custom to space the wires so they will ђе 
mutually inductive, the distance between adjacent wires not exceeding three feet. 


114. Fundamental Considerations.—In the design ot a wireless aerial the 


important points to be considered are: 


(1) The aerial wires must possess great tensile strength and be of good 


conductivity; 


(2) There should be several parallel wires; 
(3) Adjacent wires should be spaced 2 to 3 feet; 
(4) The wires must be thoroughly insulated at ail points of support; 


(5) If possible, the aerial should be erected in a clear space and at least a 
half-wave length from all metallic structures. 


РО ЈЕ ЕС НЕР OIM ew ср ке кы ас МАНА hte zat ар сулу пл des арас rM чил ығы 
-j эле вш-рғәр IY} олоцм POG ƏY} ұр Suruuigeg :лошшеш SurMO[[0J оу ш рода 
и poojsiopun Á[mseo st SIU], Темэе ,/1,, ӘШ JO esto ou] ur ULY} 5591 oq ЦА JAVA 
рэуетрел оф јо Зилә oy} ‘рэзиецоий АПеоцовла итешә 019455 ay} ЈО Ау ов Ро oy 
‘эЗиецо sty} Áq e»urs pu? ‘иоцоэииоо зпотлола əy} qr uey} 5591 eq [1А 9298351] 
-UI [e303 әу) *193u22 о ој рэчоеце pue do} yey oy} jo pue ƏY} шолу рәлошәл әт 
JEL UALS е JO sur-peo[ әчү UJM SUOISUIMIP IMDS 241 Јо 244 ,/T,, 02142244 ay 
Jo 1041 ию] 5521 &1qmiuDaMa S4 үрләр eLo 21 Jo Ч15иг] 22002 o3u2wppun] 241 
| | 3991 546 O 
#47 шол peoeds зэим шпор JAVY ‘лэлэмоч “ҚұлоГеш oy} <5әлА 9 JO р Z AVI 
991AI9S тпоотерү о UI эзочт, "350 0} зиэшелиоо әлош эле Коца asneseq Дүре 
-pud “=јәѕѕәл uo родојфше Аүүеѕләлтип jsotu[e әле SJELL «1530 I, ISIN 
dA „Т, 91 Jo 94 03 pres 5 
[eroe әш zy] 81] ur se ‘doz ҙер әт jo 197099 991 03 рәцовууе эте sur-peer эц JI 
393] ОСТ 03 OZ шол sur-pea[ 993 рие цуёпә] ш 399] OSZ 01 G/ WOJ Але, 
eorroury jo Áueduio^) ude13o[o L зэ]э А. Iuoo1e]A әш јо 1013405 лэрий sdiys ou} у 
sdo} зер eu], ‘Uogys əy} шу snjeiedde əy} 0} poj»euuoo АЦеиу put 401D]nsu 
422p е цполц} passed uou ‘SIIM [ejuozrioq IY} jo pue euo ој payee эле ‘doł 36| 
ou; ur ѕәлм Əy} 0} Айлцоприоэ үепрә әлец p[nous цол зәл ur-pee[ eu, 
‚151-021, 241 “әлі [eonioA оф pue MOLOG 404 qj, , эчу рэЦе> әт 
а 0} у зәлм [eguozuou әді, 'spieA[eu Surioddns əy} шолу pejepnsur Ацополоц 
әле uorqA 's4appa4ds 1212 ло wapoom oj pue IƏYPƏ по рәцовце PUL $3561 OA 
пәәлмдәд рәцәҙәлв SƏJIM [o]|e1ed jo 1equinu ? jo 53515000 3] `әзтАлә$ drys 10} podoy 
-W Á][es1oArun зѕошје SI Тр] “ІҢ jo 10420 404 10у ,/7,,,р2142000 997, (оў 
°<тәәш8пә пешләгу Aq ројозло put рәшдізәр $9015 I9AO 
9814 птеўләэз. ur 4әохә Sup[10A үетәләшшоә ur рәќојішә Аүәэлеов 1 Jeroe еДэлит 
әш ‘5395 Атеутат o[qe310d 10} on[eA euros јо әд 0} punoj uəəq sey у uonoujy 
тей теоплол от зо q3uo[ Əy} ѕәшц пәләв 03 XIS әд ]50ш вола JNO SurÁns ƏY 
jnq Sew 991 10 YASUI] IY} spurg1-043 3noqe эле АДелэцэ5 e[[o1quin əy} jo 59412 99, 
'osnou uonejs оф ur snje1edde ay} 0} шолтуәлтәцу зриэзхэ әлім е JEY} pue ‘151 IY 
јо do} ou 1e 19399 пошшоә ? шолу ѕиоцоәлр үеләлә$ ш Аетрел реәл45 вәлім J 
тәдшпи в yey} шелдетр опр ur pejou од м 31 "ej[o1quan ue 03 Ajrreprurs pue одец 
[еләпә8 $1 шол; oureu S} s9A12221 бр] "Sr, p ur UMOYS 101420 т]әлдшт 991, '(9) 
-поцоәлә то} рәлпһәл әд ртом yey} o»ed 
ay} dn oye} yoram s[ouunjg омош5 pue sÁn$ 151 ‘51004 YIIIep әу jo junooo 
UO S[ossoA рлеоде pasn од 41415504 зои p[noo [erre? [e9nie4 е 'pourejqo Аопотош 
JO әәлдәр әц} JO AT} | 
-0edse1i[  'e1njonugs “"епәу dol HIA «I» P9319Au[— TT ‘814 
Surj1oddns элтбиэдхо ! 
559] е ЦИМ (SUOTS 
-пәшт p peseogour 
то) perroe dol 
тер е шолу рошејдо 
oq ued s3[nso1r [enbo 
Ayyestjoeid бәлем 
одоцвешолјодјо јо 
то] етрел 12594 oy} 
әд 0} pesSpo[mous 
“ӘБ SI [еттә® [69H 
-ДӘЛ 993 YSsnoyly 

















WOO’ 


Брок 
9413340 es 


"JOje[hsur 1001 әѕпоц uonejs әц} go uleJjs эці s? 
о} peKejs oq јѕпш ѕәлл ƏY} pue ломој oY} 3e pue “54846 ло зрледјец Sunsoddr 
оф 0} aseyeay PP ҙпәләга ој ројејпош Пәл oq јѕпш јетлов JENJA ƏY} JO pt 
ooJ; ayy, 'snjeredde əy} ој poj»ouuoo эле pue əsnoy uonejs IY} лојпо: Aoy} элэч. 


61 "ЧУКМЯТМУ МО 5'ТУЇЯЧУ 





‘such distance as will permit the required 


120 PRACTICAL WIRELESS TELEGRAPHY. 


of either taken separately ; therefore, the total inductance of the antenna will 
reduced and the radiated wave accordingly. 

To illustrate the point: A four-wire inverted L type of aerial, 100 feet in length, 60 f 
in height, has capacity of .0004 microfarads, and inductance of 62,000 centimeters. A “ 


aerial of the same dimensions has capacity of .0004 microfarads, and inductance of 37, 
centimeters. Keeping іп mind the simple formula (А = 38 x VLC) for computing the wa 
length of a radiative oscillator, the change in wave length brought about by this connecti 
is easily determined. The wave length of the “L” aerial will be approximately 188 met: 
and of the “Т” aerial, approximately 145 meters. a 

_ Since the standard transmitters of the Marconi С ompany are designed for t 
изе of the 300, 450 and 600 meter wave, the precaution must be taken to sele 
an aerial of such dimensions that a moderate degree of efficiency will be obtain 
on the two short 
waves and the ma» 
mum degree of ef 
ciency at the long 
wave; that is, 4 
must provide an ae 
ial that will give | 
highest possible ae 
ial current for ea 
of the three standa 
waves. Ап aeri 
having a fundame 

Fig. 142—"T" Flat Top Aerial. tal wave length a 

| proximating 325 m 
ters gives good values of antenna current at the 450 meter and 600 meter adju: 
ment, and a fair value at the 300 meter wave adjustment, but an aerial of corre 
dimensions for this fundamental wave length obviously cannot always be erecte 

On certain large vessels, the distance | 
between masts is so great that if the | C 
wires were suspended the total length | 
between them, a series condenser would 
be required for the 600 meter wave. Be- 
cause the wave length of an aerial can 
never be reduced by a series condenser 
to less than one-half its natural length, 
the 300 meter wave could not be obtained ` 
in a case of this kind, and it would there- 
fore become necessary to cut off a por- 
tion of the horizontal wires, to keep the 
radiated wave within limits. It is usual 
in such cases to stretch the wires from 
mast to mast and insert an insulator 
about 50 to 100 feet from one end or at 
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length of wave to be obtained. Оп the 
other hand, the aerials of small vessels, 
such as tugboats, etc., have to be loaded 
with large amounts of inductance to ob- 
tain the 600 meter wave. On such ves- 
sels the aerial is frequently made up of 
eight wires in order to obtain the maxi- | 
mum possible capacity. . 

With few exceptions, ships' aerials 


SPARK GA 





j COND. 
in the Marconi Service require а short Fig. 143—Bellini-Tosi Directional. Aerial. 


wave series condenser for the 300 meter | 
wave 111+ should the aerial he found noon measurement of its wave lenoth ta ranira 


Mori Кы eee КАФ Т ТІП ебе ы? ine Pr s. t^ 
4200$ узи au} ©тетдәе yons шолу иоцегрет еэлјәшшлѕип ƏY} JO 9ovi9vo p» Hog “ауан 


ie : Jenree Зицушѕиет} оу) jo риә 991$ 293 0] 
ayisoddo поцоәлтр əy} ul sjurod цотцА jo pue әәлҙ әш ‘улов ue Aq 19419991 ay} уе psurejqo 
aq ША 520815 )вәЗио116 әці 05ру “ри2 2241 291 01 24150440 иоц22мр 291 и; &18w041$ 24014 
_ ә{0%р®4 11m. 148124 241 $p222X2 412840] 401 yoy 241 Jo 418421 941 12002 м} [01420 10140214014 

p 1791 240240 И &q 422044 Каир иәә0 599 1[— S]|e 9 V јечогоео ла '911 
‘Tejuoziioy 3124 
рие јеоплол әләм W jo мей и TEL долтодол ƏY} UI рәопрш eq рүпом АЗдэцэ әлош ‘358 
ит “рәтәлоэ әд рүпом soout?jsIp 19494 срлемлој poyn әле mq uonisod јеоплол 1194} роц 
jou op 66 `З jo Тепәв əy} шолр рәуеірел 2910F FO sdoo[ ay} јр yey} SMOTTOF Á[riessooou 3] 
"рјац 21845 әд 03 |әгелей pue р]2у оцәиЗеш əy} oj se[Sue 1811 уе эле зәлім әт USA | 

әлем SuIssed oy} шолу uox) st Astoue jo junoure js91e218 оца үегләе 19419591 Aue UT 
‘JUIWIDAOU о чоцоәлр оу) }35ше8е рэ 94 OF 
‘yeads 0} os ‘әлем pojerpei әчү jo рјәу әчү $95182 цощм ‘ed 1eddn oy} uey} Amors әлош 
бәле yed ломој әцу “8 ‘ә YHEL Кір Joao поцезедола 19y} ur popiejel әле јемов ue Aq 
рәуетрез ure3js 1949 10 39107 Jo sdoo[ эці jo pu? JAMO] IY} PEF злофезцзэлит |е1949$ Ха 
peumsse пәәд seq 3] :4ем 8шмороу OY} ш 10} рәушпооов әд Хеш 5147, *5ә8А1 „ју PUL 
„Т» 993 se gons јејпо2ллоц 51 qon jo ed € Чепәв лолтодол * jo әѕп әш Aq зәўїтш<пет} 

пәл18 2 шол; peurejqo Арџопрој әле sjeusIs ләйә4--%044015(1 200,4 


‘diys рлеоде родојфшо Арпотшолиоз 99 ues Кио решәе doy зер oy} “рәшеҙ)40 Аопотоцјо JO 
oo189p oy} jo элцоэазэли yey} ршш ur 309 oq 351 H үе лэлО ‘asuadxe Тепп 5591 ЈЕ 
әлт}әәдә se snf aq оў eAo1d Ady} рие цу8пәү 559р цопш jo SPee [eonJeA uey} osuodxo 
ѕѕәр цопш зе ројооло әд ULI зремэе do} защ `әопеюпрщ pezipe»o[ 559] цим әлем Члецз L 
әуетрел әлорәләц рие ‘ззиэшелоэр [enjeu TIMOJ Куча әлец Аәцҙ mq 'suorsueuip әше5 991 FO 
үетләе реоплэл o[duus oy} se Ариэрщэ SE әзтпЬ әуетрел JOU op озје зрео «Ly PUE «Т, PUL 

“әлем отцоә|ә IY} JO злоуетрел SE ЦЭМ se sjioddns Ans se ppe Jende 
оца JO SII. ay} элэцм 'suonejs Атезция e[yqejiod ur әпүел euros jo 94 03 punoj st [erroe 
ej[oiqum oy} 'eSejueApesIp siy} чим Ing "102919 өш шор рәлпһә st коле облеј е ‘sew 
Sunioddns əy} jo eseq ay} шол; ҙәәр perpunu үеләләѕ mo pedns әд jsnur e[[oiqum 291 
JO squ dy} yey} Pez әш 0} enp put [erre үеэцләл ay} jo зоплодола зицерел əy} ssossod 
әрт зои ѕәор 101420 Djj24QW4M IJL *эл11914024 eq Кеш ләууе| Əy} JO 1502 943 ‹рэлтаБэл әле 
ginjonsjs 8ш11044п5 ц8щ AoA € рие теәе oS1e| е “рәуетрел әд 0$ эле А8ләпә jo sjunouie 
адлер и Mq &ѕәлем OLHo9[8 JO шоуетрел 3091909 AIOA е SI [D142D [024420 әді, :5моПоу SE 
«Kgoniq зрелое jo 69443 зпошел IYJ JO зодејџелрезтр 10 soSejueApe oy} dn ums Lew ом 

'Sjseui [291$ 10 ‘5009 Момлор “А3 )6еш s? yons ‘310$ 
әшов JO so1njonajs or[ejour Аатеэц jo ээцэзэлА JY} 0} эпр 51 әбеәлош SIU} Кцеләпәд 
mq “ә8лер хэцуел SI STEIL әшоѕ jo Aedes oy} 1293 э14е3 SIG} шолј 995 IM 


28000: 086 у c8 041 I 
7200" сё} 9 86 | 002 1 
6000" 062 9 о. TST L 

28000" 22. 0t€ 9 66 Ser 5 л 
2200' 096 9 ' 06 | 002 I 

96000° |. 92Ӯ у OST 055 L 

¢Z000° 082 Ӯ 26 . | OT L 

22100: 626 9 001 021 л 
ST00° 096 9 06 002 gi 
ст00° 21% у S6 052 "ашт-1, 

ST100' 666 v 18 OST Т 

срт00' 896 9 сет 002 L 

82100" 745 c 9 3396 - 31800 — т 

руш q} Sua Бол edo} зен “доз зер C акт, 

Куэе4е) әлем телем jo ‘ON jo эчә jo ysu 


:o[qe? SurMo][ogy ay} ur sivodde vjep 8711, ‘Seme (541Ц5 үетәләшшоә JO 4383] әлем 99: 
Jo $30џәшә1пѕеәш [enjot јо so[durexo одо Хеш әм поцешлоји [еләпәЗ јо 19jjeu € sy 

Е "єпоцероѕо эці jo јпошолоор 9[q*1OA*] AIOA е зрлој 

pue јподлпо епиэуае јо ѕәпүел pooS soAIS “әлем pieputjs 3914} Əy} jo ЭП əy} sjruroc 

SIJL ‘227499 әп 03 рәцовууе эле sur-peo[ 993 42991 GZ[ зрэзэхэ у} Mq 'радојашо st Jene 7 

рәјләлш IY} 3991 6271 UY} 559] SI do} зер 293 JO уа8иој әт jT :5 мојој se st Áueduio?) тио: 

-ye цеопәшу әцҙ Aq pejdope ons үеләџәЗ оцј °ләзиәо Əy} 03 рэцоеце әд surpte[ I} IC 


Tél "НУММЯТМУ HO 5ТУІЯЯУ 








cci 





I4 FOOT SPRUCE SPREADERS inne STROP =f) 
| | Е = 


у SHACKLES Жә 
Aem 













(= 


Г] 
7 5) 













i | у ANCHOR M ADU | 
Dg © 4 | | 2 INCH GALY 757 Н00Қ5 
| але OO 


——— 
==“ 





AHdVHuD5STHL SSWISNIA 'IVOLLOVuUd 







Й | | : | \ | 
| | | г | | \ “ A ROD 
| А | | INSULATOR 
| А 
k | | | HARD 
| и. RUBBER | 
|. INSULATOR 
| i 
| HEMP 
| GUYS A 
| DECK : 22224 ROD 
INSULATOR ^ iA INSULATOR 






: SCREW EYE IN DECK 






Fig. 144—Standard Marconi Aerial (American Marconi Company). 
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connection being thus made through the . 
. hull. Usually this connection is not more 


124 PRACTICAL WIRELESS TELEGRAPHY. 


long hard rubber tube T about 2 inches in diameter has 
a brass rod extending through it which terminates at 
each end in a wire connecting lug, W. The tube is 
threaded at the center to take two wooden blocks A, В, 
one of which is placed above the deck, the other under- 
neath. After these blocks are drawn up tightly, the 
wood screws are inserted. To insure a watertight joint, 
a piece of canvas strip is placed underneath the blocks 
and thoroughly covered with white lead. A metal 
hood, H, fastened to the exposed end of the tube pro- 
tects it from dampness. 


The latest type of deck insulator is shown in Fig. 
146, wherein a large electrose insulator has a heavy 
brass rod moulded securely into it which terminates at 
either end in a connecting lug. The outside ої the insu- 
lator is threaded, and after it 1s inserted іп the hole in 
the deck, it is drawn up tight by the collar, К, which is 
threaded on the inside. Other types of deck insulators 
are in use, but those just described are indicative of 
modern practice. 


119. Installation of the Aerial —lIhe aerial of a 
ship should be installed, if possible, in such a way that 
the lead-ins will be free and clear of all mast guys or 
derrick booms. The further removed they are from 
Fig. 145—Bradfield Type Deck parallel conductors of any kind, the less will be the 

Insulator. 
danger of induced currents. 

In measuring off the length of the flat top wires, approximately ten feet must be al- 
lowed at each end for the bridle, the insulators and the reef block; hence 20 feet must 
be subtracted from the distance between masts 
at the start. The distance between masts can 
generally be obtained from the ships! plans 
or by actual measurement from mast to mast 
on the deck. Each wire is accurately meas- 
ured between two points marked off on the 
deck and the wire cut and attached to the 
insulators. Six or eight inches must be al- 
lowed for serving the wire through the eye 
of the antenna insulator. 

All connections are thoroughly made on 
the deck, after which the halyards are passed 
through the reef block and fastened to the 
shackle on the bridle. The aerial is then pulled 
into space, it being freed from all obstructions 
by three or more assistants. | - 


120. Earth Connection.—The con- 
nection from the transmitting apparatus 
to the earth plate should be direct as pos- 
sible and the conductor should be one of 
high conductivity. In marine installa- 
tions the earth wire is simply fastened to 
the metal bulkhead by a bolt, the earth 





than two or three feet in length. 
On wooden vessels connection is made 
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126 PRACTICAL WIRELESS TELEGRAPHY. 


The followiug formula* is applicable for calculation of the form factor of any flat toj 
aerial oscillating near its natural period: 


L h 
Е = 0.637 1+-) Sin ( Еа је" 
ћ RAE 


where L= length of the horizontal part for inverted L aerials anc 
equals one-half total length flat top for T aerials. 
h = height of vertical portion. > 


For example, if we had an aerial 100 feet in length, 60 feet in height, the value of th 


form factor, 
100 60 
-067 (14— ) за ( ) 20 
60 60 + 100 


g= 0.637 X 2.6 X Sin (0.375 X 90?) 
=—=0092 
Now, if this aerial is worked near to its fundamental wave length, say 320 meters, ап‹ 


the current oscillating in the aerial circuit is 6 amperes, the power thrown off in electric 
Waves, 





— 1578 X (72 х 18.4 у Соо watts. 
320 


122. Antenna Decrement.—The damping of the oscillations flowing in the 
transmitting aerial 15 principally due to: 


(1) Energy lost by radiation; 
(2) Energy lost by resistance of conductors and earth plate; 


= The energy lost by radiation, is useful energy because it goes to make up the 
wave motion, but the other two losses detract from the efficiency of the set anc 
therefore should be reduced to the lowest possible value. The resistance of the 
aerial conductors can be reduced to a minimum by using a number of stranded 
copper wires connected in parallel and in the average case the high frequency re- 
sistance will then not exceed two or three ohms. Тһе earth plate resistance is 
reduced by an extended net work of conductors preferably buried in moist earth. 

With an improperly adjusted transmitter there will be an additional source 
of antenna damping due to the re-transference of energy to the spark gap cir- 
cuit. This may be prevented by properly adjusting the spark gap and coupling 
at the oscillation transformer. а и 

"The decrement due to radiation is usually determined by the insertion of 
localized inductance and the amount of inductance required for a given radia- 
tion decrement varies slightly with the construction, i. е., the form factor of 
the antenna. Тһе antenna is so designed that an inductance which will give 
the correct wavé length will also give the desired decrement when a properly 
adjusted transmitter is employed. - : 

Since the energy radiated in the form of electric waves causes damping of the oscilla- 
tions in the aerial circuit, the loss of energy by radiation may be expressed as an effective 
resistance or, in short, “radiation resistance,’ which, of course, will be expressed in ohms, 
“Тһе radiation resistance is the quantity which multiplied by the square of the average cur- 
rent in the aerial enables us to determine the power of the radiated waves. | 
The radiation resistance of а flat top aerial is expressed, 


2 
к (L5) 


Where К. = resistance in ohms; 
F h= effective height of aerial; 
А = wave length in meters. 


Hence an aerial, the effective height of which is 40 meters, operated at the wave length 
of 600 meters, will have radiation resistance of | | 
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Ве а PRACTICAL WIRELESS TELEGRAPHY. 


The value of the receiver current Ir is that to be obtained when the resistance of the 
receiving aerial is 25 ohms. 


If the resistance is greater or less, the factor 635 will be changed accordingly. Тһе 
factor 0.0762 is the coefficient of absorption which denotes the rapidity with which ether 
waves are absorbed when travelling over sea water. 


If we assume that 10 micro-amperes of current in the receiving aerial will create a just 
audible signal and 40 micro-amperes, a readable signal, the required antenna current at the 
sender for a given strength of signal in the receiver is readily obtained if the remaining 
lactors in the equation are known. Тһе formula is still the subject of considerable debate 





Fig. 146а--3 Kilowatt Non-Synchronous land station 
| type of transmitter (American Marconi Company). 
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wave is distorted when propagated оуег dry earth, for example (base travelling 
slower than top), it is easily seen that an aerial having a part horizontal and a part 


vertical will receive the maximum induction therefrom. \ | 


The necessity for electrical resonance in circuits of radio-frequency in which energy 
is transferred by coupling magnetically one to the other, has been explained 
in detail. In fact, for the maximum induction, it is just as essential that 
two open circuit oscillators be adjusted to substantial resonance as two 
closed circuit oscillators. Only by tuning the receiver aerial to the natural 
frequency of the trarismitter aerial will the oscillations induced in the 
receiver antennz attain their maximum amplitude; at all other adjustments 
(of the receiver aerial) the strength of the induced current will be less, 
depending upon the amount of detuning at the receiver. 3 

Now the dimensions of receiver aerials differ widely, and, as 
may be expected, the circuit of the receiver antenna contains appli- 
ances whereby the oscillating period may be artificially increased or 
decreased to conform with the frequency of the advancing wave 
motion. These tuning devices are known as: 

(1) The aerial tuning inductance; 
(2) The short wave condenser. 

By proper adjustment of these tuning elements the receiver 
aerial can be electrically tuned to the wave radiated by the distant 
transmitter. The advancing wave will then induce currents at a 
rate tending to build up the amplitude of the receiver current—that 
is, each half wave will have completed its work on the receiver 
aerial before the next half wave acts. But under conditions of 
dissonance between the transmitter and receiver aerials, the react- 





‚ ance of the receiving antenna circuit will not permit the induced cur- 
* - теп{ to build up to its maximum strength. 

DLE Th iti upied in the ant ircuit by th tuning 

M n се. e position оссир antenna circuit by these tuning 


Apparatus. In elements is shown in Fig. 147, where the aerial tuning inductance 
Open Circuit of is indicated at L-2 and the short wave condenser at С. The third 
a Receiving Set. coil in this diagram, L-1, is employed to transfer the oscillations 

induced in the antenna circuit to a local detecting circuit, where they 
are translated into intelligible signals. Just as in the case of the transmitter aerial, 
the aerial tuning inductance increases the fundamental period of oscillation of the 
receiver aerial, and in this case makes it responsive to long waves, while. the short 
wave condenser decreases the fundamental oscillating period, making it respon- 
sive to waves shorter than the fundamental wave of the receiver aerial. 

Starting at the transmitting apparatus, the entire process involved in the indüction of 
oscillating currents іп a receiver aerial may be summed up as follows: 

Assume a transmitter at the sending station of the 500-cycle synchronous spark type, 
giving 1,000 sparks per second. Each spark discharge wil induce in the transmitter 
aerial a single group of radio-frequent oscillations, and each group will consist of from 
25 to 100 complete oscillations, varying in number as the decrement. These oscillations 


will radiate а part of their energy in the form of a wave motion, and the length of a« 


single wave will be equal to their velocity per second, divided by their number. If the 
receiver aerial is adjusted to electrical resonance- with the oscillations of the transmitter, 
1,000 groups of radio-frequent oscillations will be induced therein per second, and by 
appropriate devices they can be made to operate some sort of a signal making instrument, 
such as a telephone receiver. | 

The coils L-1 and L-2 and the variable condenser C are often termed the 
frequency determining elements of the receiving system, because they permit the 
natural oscillation frequency of the receiving aerial to be changed over certain 
given limits. In contrast to the coils of the transmitting aerial circuit, the induct- 
ancec T-1 and L-2 are made of fine wire rather than copper tubing or heavy 
stranded cable. A typical variable condenser of the type employed in the Marconi 


МАҒ == 4.8, = A. saben | 2 And мы em UO DO SR АРК Урта жы ben учы сз UNES A p Tee 117%- 


топо е Чим $ә11ә5 ш рәов|4 sr лоццоол е ур ио поцоәлр ouo ur PNO doAIS e usSnoiug 
мор ој 1244т2 jo 22up4opuodo4d оца PWIA ім YIM әлләр ?—24293224 эраииз е jo 
ѕитәш Aq o[qrpne әреш oq Хеш ѕүегләе лолтодол ит рээприг Аопопђолј-отрел jo ззиэллио 
402 иршту 291 JO 25и04 212 ину &2u2nb24] p Јо 
1u244n3 Зицоилацо пе OWL IO 1424492 8и410$1п$ јриоизолр-шт e оуш KousnboJj-orpei јо 
Зиэллио ƏY} злэлиоэ ләцуә 03 ројеофшоо эле әм UIH `$$®@ оў 6 әллә Аопопбђолј ysy 
juuied JOU jm SUIPUIM euogdo[o ay} jo 22ubpadun ƏY} је PEF eui SI APP PNI 
*uUsju? әп ur әпоцЧәә} əy} Зицоәппоо о} иоціѕоййо ur SUIyIOM лозоеу JOyJOUY | 
| puooes ләй 
00000 10 55әохә ur зцоцелфл ој puodsei JOU рм цотцА леэ uetni oy} 0} e[qrpneur эле 
useigderp зпоцазјој э4 jo зјпошолош Əy} puooss ләй $э]2^э 00001 JO sseoxo ur вәтәпәпр 
-91р уе "ep ир `э8шрщшм sy Чапо SMOG puooes ләй зојодо QQG рие (006 иээм3э4 Зимаех. 
Аопопђолр е jo јподлио рәлр зицепзой 3uo[eAmbo ue ло зиэллло Зицеилозе ue uyat 
JUSUINIJSUL $1 шолу peurejqo sr әѕиойѕәл шпштхеш оу] Jey} sayoes} jusunjodxo mq U 
-IN . 9013}99JƏ jo Jojeorpur әлгивиәв Аләл E SI 42012224 әи0442121 ојгибош Алеитрло 991, 


JOjtoIpur JUSTIN € 10 310$ әшоѕ Aq ооповола пәцу UMOUY әўеш 01 15291 ЈЕ ло 
[емләе тәлтәзәл ƏY} ur poonpur ѕұџәллпә 9[qo97 оф o[qrpne одеш 03 sr Әшитешәл шәр 


'$jmoi1L) лолтаоодо шор Iosuopuo- 9[QeH?A—?/p[ ‘314 





-qoud ay} под) ‘Ирр ‘Эт JO өшәшәТә эетел оу Jo sueour Aq uonejs Зициизие 
оцу jo Аопәлһәл Əy} ој pojsnfpe пәәд sey euuojue ләлтәдәз OY} jeg] әшиѕѕу — 

A '5ојо40 0000001 “әлем лојош 002 oui 
ло} рие “зәр/э (00006 9q ртом Әлем IPW 009 I} Jo esse» ay} иг *&ouonboup 
поцејоѕо ашрподволлоо от ‘әлем әгцоәјә SUIWUISULI] 9J9A у JI је ACM L UI 
poysn{pe әд 3snui [eroe 19419221 IY} EIL 193jrursue IY} YIM o2utuoso1 ur pooeld . 
әд 0} ‘Us p, “риооәв tod зојодо 0000001 = М бәлем лојош (ОС 107 АрЗитрлоээе pue ` 


009 





‘puosss ләй se[oKo (00006 = = М әлем ләјәш (000 9941 лор IUH 


000'000'00€ 


i : Ajoureu “рәшеүйхә 
изод Ареолје sey (A) зэлем 3P Jo Апоојел әш рие (N) АэиэпБэлт поцероѕо 
243 (V) Чадџој әлем əy} џоомјод drgsuone[eor әці--шәгдога 99, '221 


TET, ‘SALVUVddV әмімпі 5чотоятяа ‘SLINDUIO SNIATJOSH 











132 PRACTICAL WIRELESS TELEGRAPHY. 


in which a current of radio-frequency is flowing, the latter will be converted into а direct 
or pulsating current. Numerous minerals and compounded elements, notably among these 
carborundum, have been found to possess the preferty of rectification, and hence a group of 
incoming oscillations such as shown in Fig. 148a may have either their positive or negative 
currents cut off as in Fig. 148b, and if a head telephone is connected in series with the rectifier, 
pulsating direct current will traverse the windings as shown in Fig. 148c. 

Now, if continuous 
oscillations of unvary- 
ing amplitude were in- 
duced in the receiver 
aerial, the  rectified 
current would merely | 
22-2 displace the telephone 
ieee diaphragm and hold 
ү it in this position until 
the current is turned 
off, but since in the 
| | damped systems of 

Ain radiotelegraphy, the 
oscillations are dis- 
continuous, or occur 
TELEPHONE — in groups, the current 
CURRENT falls to zero at the end 
of each group, and, 
hence, the diaphragm 

Е Sa АЕ ue of the telephone is re- 
moe m D ced Current Pulses,” Е creating a sin- 
_ gle sound. 


126. Simple Receiver.—The circuits of a simple radio receiver appear in 
the diagram of Fig. 149, wherein a crystal rectifier D, connected in series with the 
antenna A, is shunted by the receiving telephone P. 

Тһе action of this apparatus during the reception of signals may 
be explained as follows: A train of waves radiated by the trans- 
mitter induces an alternating current in the aerial circuit which 
wil flow freely through the crystal in one direction, but will be 
opposed in the opposite direction. In one direction, let us say, the 
current passes from the earth upward through the crystal, and thus 
places a charge on the aerial wires, but the return current is op- 
posed; hence the rectified oscillations (for each spark of the trans- 
mitter) accumulate a charge on the antenna wires, which at the 
termination of a wave train leaks to earth through the head tele- 
phone, creating. a single sound for each group of incoming 
oscillations. 

Because of its resistance, the crystal impedes. the free flow of 
oscillations’ and, therefore, to some extent, destroys the tuning 
qualities of the aerial circuit. Hence, to enhance the tuning prop- 
erties of the antenna system, the crystal is removed therefrom and 
connected in a second circuit, termed the “local detector” circuit. 


127. The Inductively Coupled Receiver.—The two 
circuit receiver is shown in the diagram of Fig. 150, where- 
in a coil L-1, connected in the antenna circuit, performs the 
double function of adjusting the frequency of the antenna 
system to resonance with the transmitter and transferring 
the induced oscillations to a secondary circuit, consisting of 

=; the coil L-2 shunted by the variable condenser C-2. More 
= ous a. clearly, the second circuit is coupled inductively to the first 
ee pig ОИ. Of circuit. A crystal rectifier. D. and head telephone. P. joined 
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134 PRACTICAL WIRELESS TELEGRAPHY. 


of coupling is that any change of wave-length adjustment of ihe open and closed circuits 
changes the coupling, but this can be prevented by connecting an aerial tuning inductance 
in series with the primary winding. The primary and secondary windings may be “loosely” 
coupled at any particular wave length adjustment, by adding turns at the aerial tuning 
inductance and taking them out at the primary winding. ‘This will decrease the mutual 
inductance of the two circuits and therefore will reduce the coupling. 

The method termed the capacitive coupling is shown in the diagram of Fig. 152. "The 
primary and secondary coils shown at 1-1 and L-2 are not in direct inductive relation. 





Fig. 153a, b, c—Complete Circuit for the Carborundum Rectifier and Receiving Tuner. 


They are said to be electrostatically coupled through the condensers С-1 and C-2. Іп 
practice, the condensers C-1 and C-2 are mounted on a single shaft and their capacity 
varied simultaneously by a single control knob. It is claimed that since a fixed potential 
exists across coil L-1 the energy transferred to the secondary circuit varies as the capacity 
of condensers C-1 and C-2. Now the greater the coupling the greater will be the transfer 
of energy from the antenna to the detector circuit and hence the coupling* between the 
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136 PRACTICAL WIRELESS TELEGRAPHY. 


the secondary circuit may be set directly to the wave length of ihe incoming signal, taking 
care to select large values of inductance and small values of secondary capacity for any 
particular wave. The secondary winding should then be placed in partial inductive relation 
to the primary winding, followed by varying the capacity and inductance of the antenna 


circuit until response is obtained. This is to be followed by adjusting the sliding contact 


on the potentiometer and trying new points on the crystal rectifier until the loudest signals 


are obtained in the head telephone. . | 


Because the capacity and inductance of ships’ aerials differ considerably it is evident | 
that a given primary winding will afford different wave length adjustments with different 
aerials, consequently, the primary inductance changing switch cannot be calibrated directly 
in wave lengths previous to installation. But after the receiver is installed, the primary 
and secondary circuits both can be readily calibrated by comparison with a wavemeter 
and the adjustment for any particular wave length quickly duplicated whenever required. 

In event that a receiving tuner is not calibrated, the receiver can be tuned to a given 
transmitter in the following manner: Y 


(1) Set the secondary circuit approximately to the required wave length using 
large values of inductance and small values of capacity; 
(2) Place the secondary inductance in close inductive relation to the primary 
inductance; | 
(3) Add inductance in the antenna circuit until response is obtained in the 
head telephones; | | 
(4) Adjust detector to maximum degree of sensibility by potentiometer; 
(5) Then reduce coupling between primary and secondary windings; 
(6) Try new values of inductance and secondary condenser, also new values in 
. the aerial circuit; | 
(7) Adjust in this manner for maximum strength of signals or until interfer- 
ence is eliminated. | | 
(a) Theory of adjustment. Part of the energy of the oscillations induced in the receiver 
aerial is lost by the resistance of the antenna conductors, part by re-radiation of the energy 
in the form of a wave motion and the remainder through transference to the local detector 
circuit. The energy imparted to the detector circuit is useful energy because it produces the 
response in the head telephone, but the energy extracted in this manner also has a marked 
effect on the tuning qualities of the receiving antenna, which must be taken into account. 


This may be explained as follows: If the secondary circuit is coupled loosely to the 


primary circuit, small amounts of energy will be extracted from the antenna oscillations ; 


hence, the antenna will oscillate with greater persistence and will only respond with free- 
dom to electric waves, the frequency of which coincides with its natural frequency of 
oscillation. On the other hand, if the primary and secondary circuits are coupled closely, 
a greater amount of energy will be extracted from the incoming oscillations and they will 
therefore be damped out more rapidly than under conditions of loose coupling. Тһе re- 
ceiving aerial will, under these conditions, respond to waves, the frequency of which may 
be somewhat greater or less than the natural frequency of the aerial circuit. 


Thus it is seen that if the two circuits are closely coupled, the receiver circuits will tune 
“broadly” or if coupled loosely, the circuits will tune “sharply,” that is to say, when the 
receiving transformer coils are loosely coupled, a small change of inductance or capacity 
will eliminate the signals ора given station, but when the receiver is “tightly” coupled, a 
much larger change of inductance or capacity will be required to eliminate the signals. 
This can be stated in another way. by saying that the change of coupling between the 
primary and secondary circuits alters the effective resistance of the antenna and, therefore, 
has direct influence on the damping of the antenna oscillations. 


It has been shown by several investigators that maximum response is obtained in a 
receiving apparatus so adjusted that the resistance of the primary and secondary circuits 
are equal and since the effective resistance of any receiving system varies widely according 
to the design of the aerial, the earth plate resistance and the type of receiving apparatus, 
it is clear that some particular degree of coupling of the tuner will give the maximum 
vesponse in the head telephone. 

The two circuit receiver with inductive coupling permits the receiving operator to 
eliminate the signals from interfering stations; in fact by judicious adjustment (of the 
coupling) signals of the same wave length can be eliminated provided they have different 
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direction of best conductivity and the voltage again progressively increased, the results do 
“not accord with Ohm's law as the curve, Fig. 157, clearly indicates, e. g., the current is no: 
proportional to the voltage. It will be seen that in the first part of the curve a progressive 
increase of voltage does not cause much increase in current, but after a certain critic». 


voltage is passed the current increases more rapidly. Тһе resistance of the crystal 15, 
therefore, not steady. А curve of this type is said to have a rising characteristic. 


We may now assume this curve to apply to the detector circuit of Fig. 153a and that 
signals are being received from a given station. Let the E. M. F. of the battery be three 


20 : volts. From the curve, 

! | Fig. 157, we note that 

i EH E Ee Ed Ed А У a ЕЕ a the corresponding cur- 
Eee | а ЕЕ 
КИЕ КЕ 


rent is 6 microamperes. 
Now let the alternating 
current of radio-fre- 
quency (the ‘incoming 
signal) "have Тог <pur- 
poses of illustration a 
potential of one volt and 
let it be superposed иро: 
the battery current flow- 
ing through the crystal. 
Тһеп in one direction 1 
volt will be added to 3 
volts. and from the 
curve, the current corre- 
sponding to 4 volts is 
15 microamperes. But 
when the alternating 
current flows іп the 
opposite direction it op- 
poses tbe local battery 
and the resultant E. M. 
Г, is 2 volts. Reading 
from the curve we obtain 
a current value of 2.5 
microamperes. 


i 2 5 4 5 It will thus be seen 

VOLTS under the influence of 
the impressed alternat- 
| ing E. M. F. that the cur- 
rent in the local battery circuit varies between 2.5 and 16 microamperes, but the sound 
produced by the head telephone, as will be explained, is proportional to the difference between 
the normal current flowing through the crystal and the average value of current flowing 
when an external oscillating voltage is applied. This, perhaps, can be more clearly 
explained by means of the curves shown in Fig. 157a, where the effect of superposing the 
antenna oscillations on the local battery current over the duration of a single train of incom- 
ing oscillations is shown. | 


As shown in Fig. 157, the normal current flowing through the head telephone, when no 
oscillating voltage is applied, is 6 microamperes (the voltage of the battery being 3 volts), 
but when an oscillating current of 1 volt is added on that of the local battery, the maximum 
amplitude of the initial oscillation (Fig. 157a) in the wave train is 16 microamperes, and, 
of course, successive maxima will be of lesser amplitude according to the decay of the 
wave train (as shown by the series of decaying maxima). We see also that the suc- 
cessive reductions of the normal battery current (shown below the line A, B) are rela- 
tively small because, as shown in Fig. 157, for all voltages less than 3 volts the flow of 
current (іп microamperes) through the local circuit is relatively weak. Тһе result of this 
is seen to be a series of positive maxima of gradually decreasing amplitude to which 
the telephone diaphragm cannot respond individually but which produce an average effect 
in the receiver. The average current in the case of Fig. 157a may be considered for mere 
illustration to be 9 microamperes and the difference between the normal current 6 micro- 
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Fig. 157—Characteristic Curve of Carborundum Rectifier, 
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borundum crystals as a whole require greater pressure at the opposing contact than crystals 
of galena, silicon, etc., although certain crystals under observation have required exceed- 
ingly light contact pressure. With all crystals employing a local battery, it is important. 
that the local current flow in a certain direction and that its strength be carefully regulated. 
This means in practice that either the connections to the battery must be reversed, or the 


crystal must be turned about in the holder and left at the position in which the loudest 


signals are obtained from a given sending station. Тһе potentiometer, of course, must be 
adjusted ‘simultaneously. | | 

The circuit of Fig. 153-b is suitable for the zincite-bornite detector provided a fixed 
resistance of about 2,000 ohms is connected in series with the battery B-1 and the poten- 
| tiometer P-1. Certain crystals of this 
combination respond better with a local 
ете battery while others do not require it, 
but with practically any crystal it aids at 
1 least in obtaining the sensitive adjust- 
ы ment to employ a local battery, e. g., the 
sensitive spot can be more quickly 
located, 

If the test buzzer to be described 
further on is employed, a crystal can be 
adjusted to sensitiveness whether or not 
the distant transmitter is in  opera- 
tion. 


133. Detector Holders.—T wo types of crystal holders appear in figs. 158 
and 159. The first is suitable for the carborundum crystal which 15 mounted in a 
small brass cup with some form of soft metal such as Wood's metal. A small 
point, such as a steel phonograph needle, is mounted on the movable arm 
and makes contact with the crystal. During adjustment this point is “/аббеа in^ 
at various points on the crystal until a sensitive spot is located. 

A detector holder suitable for the zincite-bornite detector is shown in Fig. 159. Тһе 
large cup is filled with 5 or 6 zincite crystals while the opposite cup carries a crystal 
of bornite. The cup is fastened to the end of the arm with the universal joint. The 
crystal of bornite may thus be placed in 
contact with the surface of any of the 
zincite crystals being shifted from one to. 
the other until the adjustment for maxi- 
mum strength of signals is found. 

A variety of crystals holders have 
been designed for crystals of galena, sili- 
con, cerusite, etc. Опе type appears in 
Fig. 160, where the crystal is held in a 
small cup by three screws. А light wire 


contact mounted оп the movable arm 3 
bears with slight pressure on the surface Fig. 160—Detector Holder for Galena and Silicon 
: у 3 ? 


of the crystal. шен: 

134. Classification of the Receiving Detectors—The receiving detectors 
of wireless telegraphy differ greatly both in point of mechanical construction and 
mode of operation, and, in addition, they possess widely varying degrees of sen- 
sitiveness. Certain types, for instance, are highly sensitive to electrical oscilla- 
tions but are difficult to keep in permanent adjustment; others are less sensitive 
but possess marked degrees of stability. Still others are in the nature of a com- 
promise and may occupy approximately a position midway between the two 


BORNITE /21МСІТЕ 
NI 





Fig. 159—The Zincite Bornite Detector. 





Some receiving detectors rely upon the principal of rectification (as we have 
already shown) and will convert an alternating current of radio-frequency to a 
uni-directional current; others have the property of rectification combined with 
the ability to vary a local source of battery current in a manner much similar to 
the working of an ordinary telegraph relay. The operation of certain other detec- 
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based on the emission of electrons from highly heated metals in vacua. In its 
commercial form it consists of a highly exhausted glass bulb, Fig. 161, containing 
а 4 or 12 volt lamp filament, F, of carbon, platinum or tungsten surrounded by a 
metal plate or cylinder P-2 of copper, nickel, etc., from which a connection is 
extended to the outside of the bulb. | 


When the filament is brought to a state of incandescence by a battery B, negative 

electricity can pass from the filament to the plate, but not in the opposite direction, hence 
| when the terminals of the 

closed or secondary cir- 
cuit of a receiving tuner 
are connected to the nega- 
tive side of the filament 
and to the plate of the 
valve, the alternating cur- 
rent of radio-frequency 
flowing in the receiver 
circuits will be converted 
into a uni-directional cur- 
rent which may affect a 
head telephone or other 
recording instrument. 
More clearly, the oscilla- 
tions flowing in the re- 
ceiver circuits during the time of a complete group will be rectifed by the valve placing a 
charge in the condenser C-2 (Fig. 161), which afterwards discharges through the head 
telephone, creating a single sound for each group. 

The adjustment of the Fleming oscillation valve is extremely simple and the stability of 
the device particularly marked, in fact it is only necessary to adjust the incandescence of 
the flament until loud response from a given station is obtained in the head telephones. 
This is accomplished by the rheostat R which normally is of 10 or 15 ohms resistance. 


V 
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Fig. 161—Fleming Oscillation Valve and Tuning Circuits. 
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“Fig. 162—Fundamental Circuit of Marconi Valve Tuner. 


The Fleming valve gives signals of greatest strength when the secondary 
circuit is designed for a minimum value of shunt capacity and a maximum valut 
of inductance for a given wave length or frequency, hence the secondary con- 


denser is always worked at low values of capacity. : 
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144 ЈЕ PRACTICAL WIRELESS TELEGRAPHY. 


of this connection, sharp resonant adjustments can be obtained. Тһе wave length of the 
intermediate circuit is increased or decreased by the variable condenser C-2 only and simi- 


larly the wave length of the secondary or detector circuit, by the condenser C-3.  . 
Тһе coupling between the inductances of the intermediate circuit and inductively related 
coils is varied simultaneously by means of a-shaft (and knob) upon which both coils, L-3 


and L-4, are mounted. ЈЕ | 
Тһе impedance coil R-1 prevents the accumulation of high voltages upon the dielectric 


of the variable condenser, which may be punctured in case the windings of the tuner should 
come in direct contact with the high voltage wires of the transmitting apparatus. | 
Тһе American Marconi Company has developed a crvstal holder to fit in the 
Fleming valve socket as shown in Fig. 163. The circuit for the crystal detector 
is practically identical with that of the oscillation valve with the exception that 
the lighting battery is connected to the .potentiometer instead of to the lamp 


filament. 





SECONDARY 
CONDENSER . 





LEAK COILS 





— ELEMENTARY — | 
— DIAGRAM OF CONNECTIONS — 


7 ~~~ LLA 


- |07-А TUNER — 








Fig. 164—Complete Circuits of Type 107a Tuner (American Marconi Company). 


The valve tuner was original designed to be responsive to waves varying be 
tween 300 and 1,650 meters in length, but the circuit has been modified to responc 


to waves up to 2,500 meters, as in Fig. 164. | 
-- 136. Marconi Type 107-a Tuner. (American Marconi Company).—Th 
various connections and arrangements of circuits of the Marconi type 107-: 
tuner are shown in Figs. 165-а, 165-b and 165-c. The principal change over th: 
ordinary valve circuit lies in the special six point. double throw switch (marke 
“change-over switch") which disconnects the condenser of large capacity (.0 
microfarads) across the intermediate circuit and places it in shunt to the second 
ary winding and the billi-condenser (see Fig. 165-a). With the increased capacit; 
АЯ а ера и respond to а wider rang 
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146 PRACTICAL WIRELESS TELEGRAPHY. 


Coil L-3, condenser C-2, coil L-4 comprise the intermediate circuit. L-3 is of fixed value 
and is in inductive relation to L-2. L-4 has the same dimensions as L-3, but it is in in- 
ductive relation to coil L-5. | 

The wave length of this circuit is varied by means of a condenser C-2. 


7 


УУУУ 


са | D 
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Fig. 165c—"'Standby" Short Wave Circuits of 107a Tuner. 


Coils L-3 and L-4 are wound on balls or spheres, mounted on a shaft so they can be 
turned at a right angle to L-2 and L-5, simultaneously. This is effected by means of the 
:oupling knob mounted on the right hand end of the tuner, and thus the coupling between 
the intermediate circuit and the antenna and detector circuits is varied as required. 








Fig. 166—Type 107a Tuner. Modified Valve Tuner). ; са = Pon: 





Coil L-5 and condenser C-3 constitute the secondary circuit... L-5 is of fixed. value ty 
C.3 is the well known “billi” condenser, having a value of about .0001 microfarad. || 
C-4 is the telephone condenser of approximately .003 microfarad capacity. е 
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150 PRACTICAL WIRELESS TELEGRAPHY. 


When the small D. P. D. T. switch is placed in the "standby" position, the magnetic 
detector is connected directly in series with the aerial and the necessary tuning adjustments 
are made at inductance 1-1 and condenser С-1, but when this switch is thrown to the 


“tune” position, the aerial circuit continues through the primary winding L-2, the oscilla- 


tions being transferred from thereon to the intermediate coil L-3, built up in amplitude by 
condenser C-2 and finally transferred to L-5 by induction from L-4. o AE 
Тһе function of the switches 5-1, 5-2 and 5-3 will be clear {тот the drawings and the 


following explanation, describing the connections of the various fixed and variable capaci- 
ties for the complete range of wave lengths. | 


TO: MAGNETIC DETECTOR 
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Fig, 169—Detailed Wiring Diagram of Multiple Tuner. 


a e. ə ~ 
Condensers С-4 and C-1 are in series. 
Condensers C-5 and C-2 are in series. 
Condensers C-6 and C-3 are in series. 


For wave lengths from 1 
| Condenser C-1 is in series with the antenna. 
| 


to 150 meters. 


For wave lengths from 150 


Condenser C-2 is in shunt to the intermediate circuit. 
to 600 meters. 


Condenser C-3 is in series with the magnetic detector. 
Condenser С-1 may be in or out of the aerial circuit as 
required. | | TI 
Condenser C-7 is in shunt to condenser C-2. 
\ Condenser C-8 is in shunt to condenser C-3. 


Condenser C-1 is in or out as required. 
Condenser C-9 is in shunt to condenser C-2. 
Condenser C-10.is in shunt to condenser C-3. 


For wave lengths from 
1,600 to 2,000 meters. 


For wave lengths from 
2,000 to 2,600 meters. 


Тһе switch S-1 in the foregoing drawings selects such values of inductance at L-2 as 
will give the correct degree of coupling at all wave lengths. The protective leak inductance 
R prevents the accumulation of heavy charges in the condenser C-1. Тһе coupling be- 
tween L-2 and L-3, and L-5 and L-4, is varied simultaneously by a single knob on the side 
of the box. “A protective gap R protects the primary circuit of the tuner should by accident 
the circuits come in contact with the high voltage wires of the transmitter. 

Dasauca af the emall cecondary windine. this tuner is not suitable in the “tune” position 
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152 ’ PRACTICAL WIRELESS TELEGRAPHY. 


is fitted with an end-turn switch which splits the winding into three complete 
groups. The secondary winding is shunted by a variable. condenser which in the 
zero position is completely disconnected from the circuit, thereby cutting off the 





5 Ы Fig. 171—Rear View Type 106 Receiving Tuner. 


so-called zero position of capacity. | | 
A special wire wound potentiometer is supplied, having a resistance of about 
450 ohms, the value of which is adjusted by a rotary multipoint switch. 
: | | | | 2 The receiving de- 
tector, placed in a ver- 
tical position to the 


capacity effect between the opposite plates (of the variable condenser) in the 


AERIAL 


DATE front of the panel, 
=. [ШЦ — consists of a contact 
| ES POTENTIOMETER, DEED Eme 
| D pressure mounted on 
p E HEAD а universal joint 
$ z ! = 9 — Cs | which may be placed 
= |> É | С) С in contact with. the 
= = E 5 (5% 7 sensitive spot on one 
2 Єз а А of several crystals 
> Dans Хот ОЕ mounted in а сир di- 
| сс | COND. DETECTOR rectly underneath. 
= A A fundamental dia- 


gram of the type 106 
tuner is shown іп Fig. + 
172, which, as will. be. 
observed, is somewhat . 
similar to the connec- 
tions of Fig. 153b. 
The part of this dia- 
eram to be given par- 
tirilar attantian 40 dha 
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154 PRACTICAL WIRELESS TELEGRAPHY. 


T'he primary condenser has minimum capacity in the zero position but if turned to the 
180? mark it is shunted by a special set of contacts (attached to the movable plates and 
thus cut out of the aerial circuit. All control handles attached to the inductance changing 
switches and variable condensers of the primary and secondary circuits should be turned 
counter clockwise for increase of their valucs. | 





Fig. 174—Rear View Type 101 Receiving Tuner (American Marconi Company). 


Тһе switch marked "transformer secondary" and the control handle marked * secondary 


-condcnser" control the inductance and capacity of the secondary circuit. The wave lengta 


adjustment of the circuit can be increased by turning the switch or the knob of the con- 
denser counter clockwise. Different values of inductance and capacity can be employed in 
this circuit while holding the same wave length. This changes the damping of the circuit 
and proper proportioning (of inductance and capacity) may give increased strength ot 
signals during the réception of signals from certain stations. | А 

The control handle marked “potentiometer” varies the flow of current through the de- 
tector crystal. Close adjustment of the potentiometer is necessary when thé incoming 
sienals are comparatively weak. The switch marked "battery" turns the local battery cur- 


> 

rent on and off. 

The terminals marked "battery" connect to four dry cells in a separate box and the 
terminals marked "telephones" are the binding posts for connection to 2,000 ohm receivers. 

As the transmitter operates at approximately the wave length to which the secondary 
circuit of the receiver is adjusted, it produces exceedingly strong signals which are liable 
to impair the sensitive condition of the crystal. To obviate this, connections are made with 
the antenna switch so that when the antenna switch is in the transmitting position the 
terminals of the detector and the secondary condenser are short-circuited. Care should be 
taken to see that the antenna switch, with which this receiver is to be used, is so con- 
structed as to perform the above operations. If this is done, the transmitter has very littl 
or no effect on the sensitiveness of the crystal and it will, therefore, be in a sensitive 
condition for receiving immediately after. transmission.. (See diagrams, Figs. 201, 20 
and 203.) In addition to paragraph 130 the student should read the general instruction: 


in paragraph 156a. 


139. Marconi Receiving Tuner Type 101 (American Marconi Company).— 
'The type 101 receiver consists of an inductively coupled transformer with tw 
solid rectifier detectors and the necessary accessory apparatus mounted on a harc 
rubber panel and enclosed in a mahogany case. The front elevation of this se 
is shown in photograph, Fig. 173, the rear elevation in Fig. 174, and a funda 
mental diagram in Fig. 175. E 

Тһе aerial is connected to the binding post "antenna" and the earth connection is mad: 
to the binding post marked "ground." Тһе circuit between these two points is adjusted t 
resonance with the incoming signal by variation of the two transformer primary switches 
the primary loading coil switch, the primary condenser, and the primary condenser switcl 
which is marked “out” “series” and “shunt.” The purpose of this switch is to connect th 
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156 : PRACTICAL WIRELESS TELEGRAPHY. 


holding the switch blades in place. Тһе blades can then be bent slightly so that whe 
replaced they will make positive contact. : | | | 

The complete adjustment of this tuner is as follows: Set the primary condenser swit« 
to position “Out,” place coupling pointer at about 7 on the scale, detector switch to “сег 
site," secondary condenser pointer to position "Out," potentiometer to О, "send" and “г 
ceive” switch to “receive” (if used with navy switch or break system relay, leave in “senc 
position always), turn test switch to "In" position, which starts the buzzer; then adju 
Cérusite Detector point on crystal surface until loudest response.is heard. This cryst 
requires very light pressure for maximum sensitiveness and the point may be screwed 1 
or down by turning the hard rubber knob to left or right. 


Having found a sensitive point in the crystal, vary the inductance of the two prima: 


WAVE LENGTH - 
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Fig. 176—Wiring Diagram Marconi Universal Receiver. 


ttansformier switches until the desired signal is heard, then loosen the coupling by rotatit 
coupling handle to the right until the signal is just audible, then try other points of tran 
fórmer secondary switch and rotate secondary condenser handle to the left until a cor 
bination is found which gives maximum response. | | 

The primary should then be readjusted more accurately until the best setting is fout 
and the coupling then adjusted until the maximum strength of signal is obtained. Т 
longer the wave length the greater the number of turns of inductance necessary in prima 
and secondary circuits. If more inductance is necessary for a particular signal and cann 
be obtained by adjustment of transtormer primary switch, place this in position mark 
“Ош” and rotate the primary loading coil switch from its position "Out" until sufficie 
turns are in the circuit. | | 

If the wave length of the incoming signal is shorter than can be reached with prima 
condenser switch in the “Ош?” position, place it in the series position, set the ten turn trar 
former primary switch at.zero, the unit turn transformer primary switch at 10 and rota 
primary condenser handle until maximum response is obtained. | 2 
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7159 |. PRACTICAL WIRELESS TELEGRAPHY. 


B-1, the terminals X and X-1 extending to a small switch alongside the transmitting key. 
Closing this switch energizes the magnets, which draw the contacts on either side of the 
crystal apart, completely disconnecting all attached circuits and thereby protecting the 
detector from induction of the transmitter. 
Тһе magnets and the crystal holder аге 
mounted in a metallic box. 

А number of vessels in the trans- 
Atlantic service of the Marconi Com- 
pany are fitted with this apparatus 
which has been found to permit recep- 
tion over very long distances. 


гр 141. Electrolytic Detector.—A 
| Й | detector widely used in the early stage: 
2 i of wireless telegraph development ir 
ethe United States is the so-callec 
“whisker point" electrolytic, which i: 
particularly sensitive and uniformly 
stable in operation. Of late, however 
i mue the electrolytic cell has fallen intc 
_ almost complete disuse for commercia 
working, even though its reliability 1: 
generally admitted. From a commer. 
cial standpoint this may be accounted for by the fact that the initial adjustmen 
of the device is rather troublesome. | : te 
The essentials of the detector appear in Fig. 178, where a small glass receptacle R ha 
sealed in the base а small piece of platinum P about V4-inch square. About a half-dozei 
drops of a 20 per cent. solution of nitric acid or a supersaturated solution of caustic potasi 
cover the lower electrode. The upper electrode P-1 is an extremely fine platinum wir 
about .0001 inches in diameter. Тһе depth of immersion in the liquid is carefully regulate 
by a finely threaded screw adjustment. Тһе platinum wire is generally coated with silver 
which afterward is dissolved by dipping the point of the wire in a strong solution of nitri 
acid, leaving the small platinum tip exposed. | : = КЕ zn 
The silver need not necessarily be taken off the platinum wire by a strong acid solution 
the point can be immersed in the usual detector solution of dilute nitric acid and an extr 
strong local current sent through the cell ‘for а few moments until the silver is completel 
dissolved. Afterward the point is.adjusted to just touch the solution. | Wap лы 
Now, if this detector is substituted for the carborundum rectifier in the circuit of Fig 
153a, and the positive pole of the local battery connected to thé fine wire eléctrode, the de 
vice becomes а very sensitive detector of currents of radio frequency, provided the sma 
electrode just touches the surface of the acid. Bee, | y eet 
Тһе fine wire electrode is frequently coated with glass, so that the extreme tip only i 
exposed to the action of the solution, hence the depth of immersion of the entire electrod 
is of little importance and the detector is less difficult to adjust. | 


Several theories have been advanced to account for the action of the electrolytic de 
tector, one being that the response in the local head telephone is caused by change in re 


JURA 


sistance of the small platinum wire during the passage of radio-frequent currents. 2.2 


Another investigator contends that the current of the local battery flowing thro ie ^ th 
electrolytic cell forms gas bubbles which polarize the fine wire electrode, and théreby par 
tially reduce the flow of current from the local battery. Then when oscillations of radio 
frequency pass through the cell, the gas bubbles are temporarily destroyed, which permit 
an increase of the strength of the local battery current at rates corresponding to the spar 
frequency of the transmitter. | | de 
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The electrolytic detector is adjusted for maximum strength of signals, by carefully regu 
lating the strength of the local battery current. If the current is too strong, a hissing Soun: 
is obtained in the head telephone which will prevent the reception of signals. If, on th 
other hand, the local current is too weak, the detector will barely respond. Some differenc 
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160. PRACTICAL WIRELESS TELEGRAPHY, 


incoming oscillations. Such a circuit is shown in Fig. 179, which, according to Armstrong 
functions as follows: The radio-frequent oscillations induced in the secondary circuit o 
the receiver are rectified by the valve action between the grid and filament, and а negativ. 
charge is placed in the condenser C-1 which reduces the electron current from F to P. A 
the termination of the wave train this charge leaks off through the grid. The grid the: 
| | returns to normal poten 
tial and also the loca 
current, whereupon thi 
process is repeated. І 
the valve is properly con. 
structed, i.e, if a gooc 
sample is used, it is : 
very sensitive detector 
much stronger signals 
being obtained than 
with an ordinary crystal 
rectifier. | 


INCOMING 
OSCILLATIONS 


+ 


POTENTIAL OF . 
GRID TO — 
- FILAMENT 


e 


Oscillograms of thi: 
detector taken by the 
same investigator indi- 
cate that the three ele- 
ment valve not only func- 
tions in the manner just 
explained, but that the 
oscillations of radio-fre. 
quency flowing through 
the grid circuit are re- 
peated in the head tele- 
: | phone circuit and super- 
Fig. 190— Curve Showing the Process by which the Three Element Valve imposed upon the local 

makes Damped Oscillations Audible. battery current. How- 

| : ever, the radio-frequent 

oscillations (repeated in the local battery circuit) produce no sound, but the audio frequency 

variation of the continuous current in that circuit does create an audible sound of a pitch 
determined by the spark frequency of the transmitter. аде 


WING 
CURRENT 





TELEPHONE 
CURRENT + 





The process involved in the detection of oscillations induced in the receivet 
by a distant transmitting station can be shown by the curves of Fig. 180, which 
indicate first: the oscillations of the incoming signals; second, the potential of 
the grid circuit with respect to the filament; third, the decrease of the wing cur- 
rent and the superposed oscillations of 
radio-frequency, and finally, the result- 
ing fuctuation of current in the head 
telephone. - 7 


Either the current of radio- or 
audio-frequency reproduced in the lo- 
cal circuit of the vacuum valve can be 
increased in amplitude by special con- 
nections on the same valve or by con- 
necting a number of valves in cascade. 
In the first method, the current of 
radio- or audio-frequency is repeated 
back to-the grid circuit by special _ | 
radio- or audio-frequency transform- 776 181—"Repeater or “Regenerative” Vacuum 

e Circuit, 
ers, but in the second method, a trans- ТОЛЕ” 
former is connected in the local battery circuit and its secondary terminals con- 
nected to the grid and filament of a second valve by which the incoming radio signal 
‚ 15 amplified by repetition of the action shown in Fig. 180. 5 
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162 PRACTICAL WIRELESS TELEGRAPHY. 

-It will be noted from the foregoing uiagrams, Figs. 179 to 183, and the explanations given, 

that three principal circuits, which may be termed the primary, secondary and tertiary cir- 

cuits, must be placed in resonance, the tertiary circuit being the local telephone circuit, with 

its tuning coils and condensers. The 

three circuits are not only adjusted (in 

the case of the reception of spark signals) 

to substantial resonance, but in addition 

the coupling of the repeating transformer 

must be carefully adjusted, as well as the 

coupling between the primary and secon- 

элш tte dary windings. Correct values of induc- 

tance and capacity must be selected in each 

of.the three circuits for any particular 

wave length. Beyond the tuning of the. 

third circuit, the general mode of opera- 

tion is practically the same as with the 
ordinary radio-frequency tuners. 

| Tt should not require explanation that 

with the amplification of signals obtained by the circuits shown in Figs. 179 to 183 the useful 

range of transmitting apparatus has been considerably increased. 

Another circuit for the amplification of incoming. radio signals is shown in the diagram, 
Fig. 184, wherein the principal point to be observed is the connection of the secondary 
terminals of the receiving tuner to the vacuum valve. ! | 

One *erminal is connected through the grid condenser to the grid and the opposite ter- 





Fig. 184— Simple Regenerative Circuit. 


VALVE 1 VALVE? = VALVE 5 





=a PHONES 
La 


L-2 


Fis. 185—Vacuum Valves Connected in Cascade. 


minal to the plate of the valve instead of to the filament. The local battery B-2 and the 
head telephone P, are shunted by a condenser C-3, and an additional condenser C-4 is 
connected between the grid and filament of the valve. The mode of operation of this circuit 
probably does not differ from the repeating circuits previously described, because, as will 
be seen, there is a certain amount of electrostatic and magnetic coupling between the second- 
ary and tertiary (local telephone circuit) 

circuits. The system is adjusted in the fol- 87 VALVE 4 VALVE 2 

| lowing manner: The secondary circuit, in- | | 
cluding the secondary condenser, is ішпес 
to resonance with the primary circuit and 
the incoming wave. The condenser С-1 is 






set at very low values of capacity, and Це 

the capacity of C-3 varied, also C-4, until S А ese 

maximum response in the head telephone. ы Ss С 

е . . . . . (> 

circuit 1s obtained. Like ordinary vacuum - 

rae 2 xD TRANSFORMER ee 

valve circuits, the potential of the 

> PHONES ; 


battery B-2 must be carefully regulated — те 

and the valve worked below the charac- Fig. 186—Cascade Connection of Vacuum Valve with 
REA + 2 ; ' One Lighting Battery. 

teristic "blue glow" point. Тһе vacuum | 

valve connected in this manner is suitable for the reception of either damped or undamped 

oscillations. | 
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terti PRACTICAL WIRELESS TELEGRAPHY. 


which in turn discharges through the windings of the telephones, causing a single sound. 
More in detail, by proper adjustment of the potentiometer in the grid circuit of the last 
valve, the amplitude of the positive half of the radio-frequent current repeated in the 
tertiary or local telephone cireuit exceeds the amplitude of the negative half, and, due to 
this fact, more current flows in one direction than in the other; accordingly, the telephone 
condenser C-7 becomes charged over a period corresponding approximately to that of the 
duration of a wave train and then probably discharges in one direction through the head 
telephones at rates corresponding to the spark frequency of the transmitter.* 


_ 146. The Effects of Distributed Capacity.—Every coil of wire possesses а 
certain amount of distributed capacity (sometimes termed self-capacity), е. g., 
energy is- stored up between adjacent turns during the flow ot oscillations in the 
form of electrostatic lines of force, which produce an effect similar to connecting 


a small condenser in shunt to the coil. 

Thus a tuning coil of given dimensions, having considerable self-capacity, will have a 
| defined time period of oscillation and will 
respond more freely to one impressed 
frequency than to another. Now, it is 
found by experiment that a crystal de- 
tector, such as the carborundum. rectifier, 
gives the loudest response in the receiv- 
ing telephone when the maximum possi- 
ble voltage for a given group of incoming 
oscillations is impressed upon it, and gen- 
erally a secondary receiver circuit in 
which inductance predominates gives the 
maximum possible voltage. Then if a 
secondary circuit minus a shunt condenser 
is constructed so that its natural oscilla- 
tion frequency accords with the frequency 
| =”. of the oscillations flowing in the trans- 
Fig. 188—Showing the Fig. 189—Showing the mitter aerial, maximum response is se- 


*Dead-end" or “End” Position of an End Turn 2 
Turns оЁ-а Receiver Tun- Switch. cured. All this may be summed up by 


mg Coi ^ saying that a secondary receiver circuit 
lacking a shunt variable condenser functions similar to one in which it is supplied, the 
necessary capacity being found in the self-capacity of the coil. A primary winding having 
distributed capacity is somewhat obj ectionable for use in tuning circuits, because an appre- 
ciable amount of current will oscillate through the unused turns, particularly if the fre- 
quéncy of the incoming signal equals the natural frequency of the coil. Coils made of fine 
wire or those wound irregularly tend to reduce the effects of distributed capacity. 


147. The End Turns of a Receiving Tuner and End Turn Switches.— 
In the preceding paragraph the effect of distributed capacity in the windings of a tuning coil 
was discussed, and the fact mentioned that a coil of given dimensions may have a well-defined. 
time period of oscillation and may therefore oscillate more freely to an impressed current of 
a particular frequency. г 

Assume that such a coil is connected in series with the antenna circuit shown in Fig. 188. 
and that for resonant adjustment to the wave length of 600 meters the turns between points 
A and B only are required. Тһе remaining turns from B to C are therefore useless for 
this particular wave length, and should the coil have a natural time period of oscillation 
corresponding to the wave of 600 meters, an appreciable amount of current would oscillate 
backward and forward through the unused or end turns. This in effect amounts to placing 
a secondary circuit in resonance with the antenna circuit and results in the absorption of 
some of the energy of the oscillations. i | | 

If the antenna system were only to be tuned to the maximum wave length of 600 meters, 
the additional turns on the coil B to C would not be required, but inasmuch as the aerial 
system may have to be tuned to various wave lengths up to 3,000 or 4,000 meters, the full 
number of turns are required for the winding. : 

If then, for example, the coil A, С, is interrupted at the point D, E, as shown in Fig. 189, 
the unused turns of the winding are conductively disconnected from the used turns and 
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+ Note also the radio-frequency amplifier described in paragraph 226. Note also diagram Fig. 296. 
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PRACTICAL WIRELESS TELEGRAPHY. 


cause the sliding contact soon cuts through the wire either actually breaking the 


turns or short circuiting adjacent turns. 


By the method shown in the diagram, Fig. 191, the inductance of a single layered id 
can be progressively varied from one turn to the maximum number simply through the 


use of two multipoint switches doing away with the sliding contact. 
For purposes of illustration, assume a winding having 110 turns. 


Then the first 10 single 


turns are connected to the contact points of the switch 5-2 and the remaining turnss are 


connected in 
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Em Т" 
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| 
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; | г 
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Fig. 





192—The Construction of the Variometer. 


groups of 10 to the contact points of the switch S-1. An odd number of turns 


can be selected in the following manner: 
If 87 turns are required for resonance in 
any particular circuit, switch 5-1 15 set 
at the eightieth contact point and suntch 
S-2 on contact point 7, making 87 com- 
plete turns. One turn of inductance, for 
instance, can be selected by setting 5-1 
at zero and S-2 at contact point 1. This 
is the method by which the inductance 
of the primary winding of the Marconi 
type 106 receiving is varied. ; | 
It is not usual to vary the inductance 
of the secondary circuit of a receiving 
tuner in this manner. The method gen- 
erally employed is to vary the inductance 
by groups of 10 or 15 turns at a time, 
the necessary closeness of adjustmen: 
between groups being obtained by the shunt 
variable condenser for sharp tuning.+ 
Extremely close variation of the 
inductance of а radio-frequency cir- 
cuit can be obtained by the instru- 
ment termed the variometer, the 


principle of which has already been explained in connection with the transmitter. 


А variometcr* 


suitable for receiving apparatus is shown in Figs. 192 and 193, where a 


stationary coil A has mounted within it a ball winding B which rotates on а metal shaft. 


A knob and pointer is attached to the shaft 


and a suitable scale supplied. The ball 
windings A and B are connected in series 
and if, in one concentric position, they are 
:onnected so that their magnetic fields op- 


pose the inductance of the variometer will 


be practically zero, but if the inner ball is 
turned on its axis, the inductance will 
gradually increase, maximum inductance 
being obtained, when the inner coil has 
completely changed sides with respect to 


the outer coil. For receiving apparatus, the | 


inner and outer balls are generally wound 
with No. 24 B. and S. wire if connected in 
the antenna circuit and with No. 32 B. and 
S. wire, if connected in series with the 
secondary or detector circuit. 

Although the variometer 1s a very 
useful instrument for tuning the re- 
ceiver, it possesses the disadvantage 
of offering considerable resistance to 
the passage of radio-frequent cur- 
rents when used at inductance values 


near to zero. That is to say, a sim- 
also fig. 18. 4 


*See paragraph 30; 
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Fig. 193—The Tuning Variometer Complete. 
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is determined by the product obtained in multiplying the strength of the current 
by the number of turns, e. g., the ampere turns determine the magnetizing flux. 
Пепсе, if a feeble current only is available, a magnet wound with a large number 
of turns of fine wire will generate the greatest magnetizing flux. | 
Now the local circuit of the average telephone receiver, such as shown in Fig. 194a, 
is traversed by. feeble currents, and therefore the magnets of the telephones should 
be wound with a great number of turns of rather fine wire such as No. 36 or No. 40 
B. and S. Such a winding necessarily has considerable resistance, but a greater magnetizing 
force will result therefrom than would be ob- 
tained by a winding of a few turns of coarser 
wire. Тһе resistance of the average telephone 
receiver for reception of radio signals is 2,000 
to 3,000 ohms. These receivers are generally 
more sensitive than the type employed in land 
line telephony; but it should be borne in mind 
that it is not alone the magnetizing flux gen- 
erated that determines the volume of sound 
produced by the telephone, but the overall con- 
struction influences its sensitiveness as well. 
This includes particularly the weight. of the 
diaphragm which in radio receivers is generally 
lighter than the diaphragm used in the ordinary 
wire telephone receiver. 

A series of experiments conducted by 

"Рг. Austin indicate that the average tele- 
phone producés the greatest volume of 
sound when the frequency of the alternat- 
ing current passed through the windings 
varies from 300 to 500 cycles per second. 
Frequencies in excess of 500 cycles de- 

crease the amplitude of vibration of the 
telephone diaphragm and hence produce 
less sound. | ; 

In view of the foregoing, a transmitter 
having a spark frequency of 600 to 1,000 
sparks per second gives better response їп 
the head telephones tham one of lower 
frequency. Part of this is due to the fact 
that the human ear is more responsive to 
the higher frequencies than to those of 
lower pitch. . 


Telephones of 75 to 150 ohms resist- 
. ance, if used with the magnetic detector, 
the tikker, and the three element vacuum 
valve gives good response, but other re- 
ceiving detectors, such as the crystal recti- 
fiers, require telephones of at least 2,000 
ohms resistance. Telephones of 15,000 
ohms resistance have been constructed but 
Fig. 195a, b, c, d... Construction and Magnetic such a winding Is пој required for the 


Circuit of the Baldwin Telephone. average radio receiver. 

| | | A telephone receiver possessing a notable 
degree of sensitiveness has been recently developed in the United States by T. Baldwin. 
The essential parts of this receiver are indicated in the diagram, Fig. 195a, where a ring 
shaped horseshoe magnet with poles N and S is fitted with two “U” shaped soft iron 
pieces, P-1 and P-2. The telephone winding W, placed longitudinally between these pole 
pieces. has a slot in the center in which is placed a soft iron armature balanced on the 
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and the circuit continues through the head telephones P-1. During the reception of radi 
signals the vibration of the diaphragm P causes greater vibration of the diaphragm of th 
head telephone P-2 due to the larger value of current flowing through the local circuit tha 
through the circuit of В-1. 

If a number of these relays are connected in cascade, the signals will be increased fro: 
20 to 30 times their original strength. Extremely careful adjustment of the microphoni 
contacts is required for the best response. 

152. Brown Amplifying Relay.—A particularly successful microphoni 
relay has been developed" by S. С 
Brown. This relay has been employe 
by the Marconi Company for trans 
Oceanic communication in connectio 
with carborundum crystals with goo 


~ results. 
(2% | The approximate mechanical Constric 





_ Pj tion and the electrical circuit of one type 1 
)" shown in Fig. 197a,-where the soft iro 
cores K, K, are magnetized by a perma 
nent magnet with the poles N and S. 4 
=“ fine wire winding W-1 encircles the uppe 
6% end of the core and a larger magnet wind 
: у ing W-2 the lower end. Directly above th 
M core of W-1 is a steel vibrating tongue ] 
carrying the contact D, which touche 
Fig. 197a—Brown Amplification Relay for Increasing lightly contact E the latter being adjust 
Radio Signals. 
able by a screw. -The contact mounted o 
the screw adjustment is made of a special osmium-iridium alloy and the other contact i 
a button of carbon which, when pressed lightly against the upper point constitutes 
microphone. Winding W-2, telephone P, dry cell battery B, are all connected in serie 
with the microphonic contact. The current to be amplified enters winding W-1 at A and ( 
and the resulting change of flux in the core of the magnet moves the gusce tongue R 
which, in turn, varies the current of B, 
causing sounds in the head telephone. | 
Тһе amplitude of the vibration of R is 0 C 
increased by the current of battery B cir- : қ 
culating through the winding W-2. In 
other words, the fluctuating microphone Wi M 
current is repeated back to the magnet | 
through winding W-2 and the vibrations 
of R magnified accordingly. 

If three or four of these relays be 
connected in cascade considerable ampli- 
fication of the incoming signal will be ob- 
tained. For the cascade connection, the 
telephones are removed from the local cir- 
cuit of the first relay and another winding 
of the second relay like that of W-1 con- 
nected in its place, and so on throughout 
the series. 

A small milliameter M is connected. in 
series with the telephone and when the 
current flow is 8 to 12 milliamperes, the 
relay is in the most sensitive adjustment. 

A Brown relay of another type is shown in Fig. 197b, where M is а microphone chambe 
filled with carbon granules, the pressure on which can be carefully regulated by means o 
an adjusting screw. Тһе vibrating tongue В is acted upon by the flux of the poles A, В 
and the corresponding fluctuations of the battery B-2 not only circulate through the wind 
ings W-2 and thereby amplify the vibrations of R, but these currents also pass through : 
step-up transformer, having the primary winding P and the secondary winding 5. The 
current induced in S flows to the condenser C (of about 2 microfarads capacity) and throug! 
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Fig. 197b—Supersensitive Brown Amplification Relay. 
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172 PRACTICAL WIRELESS TELEGRAPHY. 


tion valve or the step-up valve amplifier, the static signals are enormously 
amplified and the good effects of these receivers are aften thus offset 
Hence when atmospheric electricity is especially severe, radio traffic may be тог 
readily dispatched from station to station by means of a less sensitive receiving 
detector, such as the carborundum rectifier or by the Marconi magnetic detector 


- © ^ An interesting aspect of the static 
Я г. 27 interference is the fact that it doe: 

s |+ not persist at certain months of the 

: | =<. year іп certain localities, being strong 

for a period of several days and ther 
sometimes disappearing for a spaci 
| ofa week ог more. This may be fol 
I с: lowed by a period of several days 
ІН during which the interference from 
| A this source is exceptionally strong 
(Py but, as stated previously, the higl 
pitched note of modern transmitter: 


Fig. 198—Circuits of Marconis Balanced Crystal {о а large extent overcomes the 
Receiver. (English Marconi Company.) и : | 
difficalty. 


154. The Marconi Balanced Crystal Receiver (English Marconi Company) 
— Мо apparatus or circuit has so far been devised to completely eliminate the in 
terference of static discharges. However, communication сап be effected by thi 
circuits of the Marconi balanced crystal receiver when with ordinary circuits i 
would not be possible. In fact, the balanced crystal tuner often reduces the inter 


ference from this source to a marked degree. | 


The complete circuits of the balanced crystal receiver are shown in the diagram, Fig 
198, where the secondary winding of the receiving tuner is represented by the coil L-1 
the secondary condenser at С-1, the opposed crystals at D-1 and D-2, the potentiometer 
at P-1 and P-2, the bat- ; 5 
tery at B and the tele- | 





ШІП 
li 


im 


. phones at P. 20- 
То саггу out the fun- | 
_ damental principle of this = A= CHANGE OF CURRENT ІМ 0-2 FOR NORMAL SIGNAL 
receiver, crystals D-l =- | | 
and D-2 must have like © В: CHANGE OF CURRENT IN. 0-1 FOR NORMAL SIGNAI 
volt-ampere characteris- | 
tics, and, accordingly, n CURRENT OF B OPPOSES CURRENT OF A 


crystals are specially se- 
lected for the purpose. 

Briefly, the action of 
this circuit can be de- 
scribed as follows: If 
crystals D-1 and D-2 are 
adjusted to the same 
‘degree of sensitiveness, 
their currents will act 
equally and oppositely 
upon the telephone P, 
and no signals will result. 
If, however, D-2, let us 
say, is adjusted to a high 
degree of sensitiveness 
and D-1 to a lesser de- | 2 чот 
gree, signals will be re- 
ceived. 3 

Under these conditions, if an extra severe discharge of static excites the aerial circuit 
almost equal effects are produced in the head telephone P by both crystals, and the crashin; 


ey ada 


MICRO AMPERES 






5 4 5 © 
Fig. 199—Curve Showing Principle of Balanced Crystal Receiver. 
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174. PRACTICAL WIRELESS TELEGRAPHY. 


steel bar F closes the circuit to the primary winding of the power transformer 
through the contacts 11 and 12. In the opposite position the bar separates the 
spring contacts M, M+ 200-a, which disconnects the transmitting oscillation trans- 
former from the aerial during the pe- 
t га riod of reception, preventing the іп- 
 TOTRANSMITER coming oscillations leaking to earth. 
The various circuits closed by the 

PENES discs mounted on the hard rubber rod 
e 5. vU piace the detector ang head telephone 

А Ти 785 | on short circuit during the period of 

| transmission. They may also бе ет- 
ployed to start апа stop a motor blower 
or an automatic motor starter. The 
type I switch 1s supplied with Marconi 
transmitting sets up оо KAW са 
‚ pacity. 

For the use of operators in the Marconi 
service, the circuit diagrams, Figs. 201, 202 
and 203, are published, showing the con- 
nections in Fig. 201 of the type I antenna 
switch to the external binding posts of the 
type 106 receiving tuner, and in Fig. 202 
the connections of the type S, H, aerial 

AUI changeover switch to the external bindin 
BOX posts of the type 106 tuner. The diagram, 
Fig. 203, shows the connections of the type 
I antenna switch to the external binding 
ANTENNA SWITCH posts of the type 107-a receiving tuner. 
ТҮРЕ № \ . In the diagram,. Fig. 201, binding posts 
| 2. 4 and 5 of the type I antenna switch 
short circuit the crystal detector and the 
head telephones during transmission. Bind- 
ing post No. 1 connects to aerial binding 
post No. 1 of the type 106 tuner. Contacts 11 and 12 close the circuit to the primary winding 
of the transformer. The binding posts 6, 7, 8 and 9 of the type 106 tuner are connected us 
the four binding posts of the battery box as shown. 

In the diagram, l'ig. 202, posts 1, 2, 4 and 5 of the type S. Н. antenna switch lead to 
contacts which place the head telephone and detector of the type 106 tuner on short circuit. 
Binding posts 11 and 12 close the circuit to the primary winding of the transformer. 

In the diagram, Fig. 203, posts 2, 4 and 5 of the type I switch lead to contacts which shor 
circuit the receiving detector and the receiving telephones. These diagrams should be care- 

, | fully studied and in event that the wiring is 
taken down, the connections shown should 
be carefully duplicated. 
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Fig. 201—Type I Switch Connected to Type 106 
Receiving Tuner. 
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156. Type 112 Receiving Tuner. 
—This receiving tuner was pri- 
marily designed for use with the 
special 74 К. W. cargo type transmit- 
ter developed by the Marconi Com- 
pany and fundamentally is similar to 
the type 101 and type 106 tuner, but 
the construction is considerably. simpli- 
fied. A front view is shown in Fig. 


pep | 203-a and a side view in Fig. 203-b. 





ANTENNA As will be seen in the wiring diagram, 
SWITCH . = ° ° e. • 
РЕ то CHARGING pangel Fig. 203-с, the circuits are similar to those 


Fig. 202—Type 5 H Switch „Connected to Type 106 shown in Fig. 153-b, the potentiometer, 
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176: | PRACTICAL WIRELESS TELEGRAPHY. 


‘A sensitive spot is found on the crystal by pressing the push button and "feeling about 
on the crystal with the pointed contact until the loudest response is obtained, simultaneou 
adjustment being made of the potentiometer. 

The receiving transformer is adjusted to the incoming signal as follows: 


(1) Adjust detector by buzzer tester. 

(2) Place the coupling knob as far to the left as possible. 

(3) Vary inductance of the primary and secondary windings progressively) 
until the desired station is heard. | | 

(4) When signals are heard decrease the coupling slightly. 

(5) Then retune primary and secondary circuits, using slight values of capacity 
at the secondary condenser. 

(6) Then slightly vary the coupling until loud signals are obtained or unti 
an interfering signal is eliminated. 





í 


Fig. 203a—Front View of the Marconi Type 112 Receiving Tuner (The American Marconi Company) 


156a. General Advice for the Manipulation of a Receiving Tuner.— 
While learning to manipulate a receiving tuner of any type, the student shoul 
first study a complete fundamental wiring diagram of the set and note the corre 
sponding parts on the actual equipment. He should observe particularly th 
direction in which the inductance, changing switches and the variable condense 
control knobs are moved for an increase of their values. It should alas P 
borne in mind that any increase or decrease of wave length adjust 
in the antenna circuit should be followed by a similar increase or decree i 
the secondary circuit. Also a change of coupling slightly influence 
the effective self-inductance of the primary and secondary windings, and therefor 
if the inductance of either winding is adjusted for a given wave length, and after 
ward the coupling decreased to minimize interference, a new value of inductanc 
must be selected at the primary and secondary coils; or, if the period of thes 
circuits is varied by means of variable condensers, a slight change in capacitance 


4 РО, ЕС NEL PUMA ЖИ ТАҢШЫ" (oe 





д.а алы е МАС ЖОРО, чо о басе ома СОЯ, ова Доя гаен омы те кисти Бом 


101 juo gsnfpe 9Anrsuos sou ou} &плеввәзәп jou SI 192204 Е 03 огџодвол poos Зил. 
103293эр ТеҙвАло OY} jo jueunsnfpe әт ey} рэллэз4о uəəq sey 3[ ^"3ueunsnfpe ur st 
1032939p 1235412 SY} JOU 10 лоцјоцм эуеэтриг Jm 1222104 3893 ƏY} JO әп juenbodg (Ф) 


"Á3gpIqeis jo әә1Зәр р е ssossod YM 5лоцзо 10 ‘DAJLA 

"uone[noso Зипшојт 9293 ОБ әцәиЗеш IY} ‘әлүел тппповл з3пәшәүә-әәлц}. peijsneuxo 

Ач е оз A [dde зои ор ‘aamoy ешо: eseu], 'e[hpeuos Зицезәйо ue Зизӣр Ares 

-вәзәп SI 3usunsn[peoi ҙиәпһәл; ээцэц *1032939p Зитлтэээл в JO SSOUAT}ISUAS eur а djsop 
&pueuvuriod 20 Аплелофшој Деш Ауготлу зоје онәцаѕошце jo вәЗіецовір әзәлә (5 

°втеп815 Jo tp 

рэзеэлоэр чим АПеләпәд mq ‘зэпрел Ауое@ео zo uomnoe[es 1odoid Ха E Га 

беш AAS peseeloUI fresuopuoo jungs Алециза e чим реза SI лошу ƏY} JI p) | 


er. 
S dis е YUM элем 19391 QOS 993 Ure3qo 03 рә^оташә әд агыс jsnur u^ 
ојдемел әлем JOYS ӘП “рпец ләцзо од) UG '5лојош 009 јо Ч33Зиэ] әлем 993 03 ШшәҙвХв 
euuojue əy} jsnfpe ој рэмиБэл эле әопвҙопр jo sum} мәре ATUO “вләзәш 009 pue 002 
пәәмҙәд зә јемов 5,445 әЗеләле əy} JO qj3uo[ әлем 993 eY} 1227 әтр оз эпа (о) 








*"(&ueduio) тоолеуј пеомәшү JL) IUN, SUHAIA ZIT ITAL тоолеу jo Мол IJ923—Qq60Z ЗІЯ 


too АМ 


S 


| Wo Қ8705026 





ҮП. думанооае | 


·Схтриздде H понове 99g) 'зополојојш 
зполола 03 pafojdure әд pyhoys Sumdnoo jo sen[eA ләззәт 'peusi[qejse st поез 
-типшшоэо 193je Jnq ‘0192 je 195 Iosuopuoo Алерпозов JUNYS əy} pue SSUIPUIM K1epuooos 
pue АлеиизА əy} пџоомјод рә&оташә eq p[nous Sur[dnoo eso[o “цзЗпәү әлем oures Iy} оў 
peunj Á[oje1n29? JOU SUOT}E}S SSO[S9IIA [PI9A9S JO JUO шолу рәҙоәйхә SI ео е и (9) 


'Peure3qo 51 sTeusis 
jo чцзӘиәдв wnwxew əy} [hun шәзпәриоо әлем 310Ц6 Iy} 8штешшта pue? oou?jonpur 
eq) Surnpoi тәуреәләці 'speuSrS dn yord ој цз8пәт әлем Puuojue ou} Алел 0} ләѕиәриоэ 
591195 Əy} uodn SurK[o1 pue әопеуопрш JO 3unoure эЗле] әт в Вшеп ‘әлем IPU 
009 ртертеҙв ӘЦ 03 3s1g әпп} 03 57 onsind 0} роцзәш 3594 Iy} *103e1odo Əy} 03 o3uemns 
osje SI лошу ey} И  'sperio? 3UologID чим Area (ПМ тәп) мола Aue JO 5јиош 
-jsnfpe 993 FEY} SUM} 3510 OY} 10; потҙвҙв е Sunsnfpe ur розодшошол әд p[nous зу (е) 


441 . ‘SOLVAVddV ома, ‘SYOLOALAG 'SLIQONIO 9NIATSO 








МАДА 


7e | PRACTICAL WIRELESS TELEGRAPHY. 


ment for a far distant transmitting station. | 
(g) Not all carborundum crystals possess equal degrees of sensitiveness; conse- 
quently those giving maximum response to far distant stations should be used. 
(h) The maximum degree of selectivity is obtained in receiving circuits of radio- 
frequency when the loosest coupling which will give a readable signal is employed 


and when inductance is used to tune the aerial circuit and some capacity is used in 
shunt to the secondary coil. : 


COUPLER 


00! МЕ 
POTENTIOMETER ~ 


0005 M.F 


BUZZER = 
TRANSE PUSH BUTTON 


= 


AERIAL “GROUND 










“99 | ин 


| | 
Л {5 : t2 +4 
WIRES 1,2,4,5 CONNECT ТО TYPE I AERIAL SWITCH | 


Fig. 203c— Complete Wiring Diagram of the Type 112 Receiving Tuner (The American Mar- 
| ; coni Company).: 


(1) The diaphragms of receiving telephones should frequently be removed and 
carefully wiped to prevent the formation of rust. Bent diaphragms should be imme- 
diately replaced by new ones. Тһе diaphragm should not touch the surface of the 
magnet. | Г | 

(ју If in doubt concerning the continuity of the circuits of a receiving tuner, a 
testing circuit comprising a dry cell battery and a head telephone connected in series 
should be applied to the primary and secondary coils to ascertain if the circuit is in 
conductive condition. 
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180 — PRACTICAL WIRELESS TELEGRAPHY. 


158. Tuned Coil Set.— When the induction coil is employed to excite the 
closed circuit condenser as in Fig. 205, it is called the “tuned coil set." "The great 
advantage of this connection lies in the fact that the antenna oscillations will be 
damped out less rapidly than with the “plain aerial" connection, and the radiated 
wave will cause less interference to the operation of other stations. 


А description of the circuits follows: Тһе apparatus of the power set is represented by the 
alternator armature A, C, the primary winding of the closed core transformer P, the circuit 
including the wattmeter W. Тһе secondary circuit comprises the secondary winding of the 
transformer 5, the high poténtial condenser C-1, spark gap G and the primary winding of the 
oscillation transformer Р-1. Тһе aerial,circuit is represented by the secondary winding P 1, 
the short wave condenser C-2 and the aerial tuning inductance өз; 2 


The circuit of the emergency induction coil extends from the D. С. switch at the left of 
the drawing, though the wnderload circuit. breaker B, through the regulating resistance R, to 

a 24-30- So storage baitery shunted by à small volimeter V. Тһе charging resistance R is 
ое to pass from 6 to 7 amperes through the storage battery during the charging. 
process. The function of the underload circuit breaker has been described in Part V, and 
it is sufficient to say here that it automatically opens the circuit in case the voltage of the 
generator falls below that of the storage battery. 
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Fig. 204—"'Plain Aerial”. Emergency Transmitter. 


_ (a) Adjustment and Tuning of the Set. To place the storage battery on 
charge, the D. C. switch is closed апа the plunger U of the underload circuit 
breaker pushed upward by hand, the charging circuit thereby being closed through 
the contact points E, E. 


Тһе circuit from the battery to the induction coil may be traced through the 
telegraph key, through the primary winding of the induction coil P-3, and thence 
through the interrupter I, the vibrator condenser being represented at. Tn 
order that a uniform spark discharge may һе obtained, careful adjustment must 
be made of the stationary contact of the interrupter I until a discharge free from 
arcing is secured, but generally at its best the pitch of the note promeni by these 
Coils will be rather low. 

-In case of accident to the power apparatus, such as the burning out of the motor generator 


or. the high potential transformer, the emergency transmitter is put into action in the follow- 
ing manner: The switch H-2 is placed in the downward position. This connects the tele- 
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182 | PRACTICAL WIRELESS TELEGRAPHY. 


Storage Battery gd for auxiliary power is shown in the following 
table:— 


TYPE ae | RATING 
60cell 7 PV— 72 ampere hours; 
60 cell 11 NV— 140 a 
60 cell 13 MV— 168 = Ж 
60 cell 17 MV— — 224 fe E 


. Туре 7 PV battery is employed in connection with the 2-kilowatt panel trans- 
mitting set, type P-5 of the Marconi Company. Тһе other types are for opera- 
tion of the 2-kilowatt, 500-cycle motor generators furnished with Marconi type 
P-4 set and also for auxiliary light aboard the vessel. 


А photograph of the E. S. B. Co.'s charging panel is shown in Fig. 206, and 
a fundamental diagram of the connections from the board to the batteries and 
motor generator in Fig. 207. The latter diagram includes the complete connec- 
tions of the Marconi 2-K. W. 500-cycle Crocker-Wheeler type of motor generator, 
and the automatic starter. Fig. 208 shows a rear view of the wiring of the panel. 





Fig. 205a—Charging Panel Used with Marconi Tuned Coil Sets. 


In the diagram of connections, Fig. 207, the connections for the voltmeter and 
the double-pole double-throw switch and other switches for auxiliary lighting 
service are purposely left out to.simplify the drawing, but a detail of the volt- 
meter connection appears in Fig. 208. | 


Returning to the diagram of Fig. 207: АП apparatus concerned in the charge and dis- 
charge of the batteries appear to the left of the drawing, and the circuits of the automatic 
starter to the right, including the wiring of the motor generator. A six-pole double-throw 
switch, with knife-blades, 1, 2, 3, 4, 5, 6, when thrown up in the drawing or to the left on the 
actual charging panel, places battery units A and В on charge, but in the opposite position, on | 
discharge, the circuits from the battery continuing through the blades 5 and 6 to the auto- 
matic starter and motor generator. 


The resistance coils R-1, R-2 and R-3 are connected in the charging circuit of battery A, 
through the knife blades 1 and 2 and coils R-4, R-5 and R-6, through the blades 3 and 4 to 
battery B. The overload circuit breaker K is connected in series with the common charging 
lead of battery units A and B. The winding of the no-voltage release magnet f for this breaker 
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186 PRACTICAL WIRELESS TELEGRAPHY. 


An important part of this apparatus is the double pole double throw reversing switch 
placed in the upper left-hand corher of the drawing. Should the connections from the 
ship's generator to the switchboard be reversed, say, during repair or rewiring, the correct 
polarity can always be obtained by plugging in the voltmeter connection to the power line, 
followed by closing this switch. If the pointer of the meter moves in the proper direction 
or across the scale, the polarity of the charging mains is correct. If the pointer moves in 
the wrong direction, the double-pole switch must be thrown in the opposite direction, Pro- 
tective fuses are inserted in the battery charge and discharge circuits to open the circuit in 
case of overload. | 


The general operating instructions for the Exide cells given in Part V should 
have careful attention. The operator should aim to keep the batteries in a fully 
charged condition at all times, or confining the remarks to daily practice, the 
pointer of the amperehour meter should always be near to the zero position and 
if after use of the battery the pointer indicates that a given quantity of current 
has been taken out, й should be placed immediately on charge and allowed to 
remain so until the pointer returns to the zero position of the scale of the ampere- 
hour meter. —— 


One part of this circuit may require explanation. It will be observed that the ampere- 
hour meter is merely connected in series with one of the battery units (Battery A) when 
on charge. The. neces- 

sity for this connection 


LA | will be evident from the 
. X KEY : followin explanation: 
TO DISCHARGE MAINS. = | 5 


GO CELLS IN SERIES m ТЕ ihe meter were con- 
nected in series with 
both battery units, the 





RES. А 5 
| ,."" pointer of the ampere- 
2224 BATTERY UNIT А hour meter would travel 
FUSE -œ across the scalė at dou- 
: j е - ' ble the rate of the actual 
It 42 | i ы charging current flowing 


to each battery unit for 
| | the reason that the bat- 
€ 9. %- | teries are connected in 
) parallel. As ап exam- 
| ple, if the amperehour 
б 7 Одан meter were connected in 
serles with both battery 
groups on charge. and 
further that a quantity 


oe he tot 
DETAIL VOLTMETER CONNECTION duis г DE. Ex 


E.S.B.Co. CHARGING PANEL from the generator to 


Fig. 209—Detail Voltmeter Connection, Electric Storage Battery Com- the battery, each set of 
pany's Charging Panel. 7 





ACROSS sHiPS — [5 
GENERATOR 


BATTERY UNIT 8 





| cells actually would re- 
ceive but five amperehours of the charging current, or, in other words, the meter would 
indicate a value actually double the charging current supplied to each group of cells. Hence 
the amperehour meter is simply connected in series with one unit on charge, but in series 
with both units on discharge, the assumption being made that the two battery units are in 
. identical states of charge. Any dissimilarity іп the two groups of cells can easily ђе de- 
termined by the readings of the voltmeter during load and proper correction made therefor. 
In actual commercial practice, no difficulty is found in keeping both battery units in the 
same state of charge from month to month. 


A detailed diagram of the voltmeter plug switch is shown in Fig. 209. It will be noted 
that a small push button key, connected in series with the voltmeter, must be closed in 
order to take the reading. А small resistance or multiplier is connected in series as the 
drawing indicates. | | 
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PART XI. 


PRACTICAL RADIO MEASUREMENTS. 


MEASUREMENT OF WAVE LENGTH—DECREMENT—CALIBRA- 
TION—TRANSMITTING AND RECEIVING APPARATUS. 


160. THE IMPORTANCE OF ELECTRICAL RESONANCE. 161. INDI- 

CATORS OF RESONANCE. 162. USES OF THE WAVEMETER. 163. 
SIMPLE Use ОЕ THE WAVEMETER. 164. GENERAL INSTRUC- 

TIONS FOR TUNING А Rapio TRANSMITTER. 165. TUNING BY 

THE Hor Wire AMMETER. 166. Томтме THE 2 К. W. 500 

CvcLE PANEL TRANSMITTER. 167. DETERMINATION OF COUP- 

LING. 168. PLOTTING oF RESONANCE CurvES. 169. MEASURE- 

MENT OF THE LOGARITHMIC DECREMENT OF DAMPING. 110. 

CALCULATION ОЕ THE DECREMENT OF THE WAVEMETER (OR 

DECREMETER). 171. WAVEMETER AS A SOURCE OF HicH FRE- 

QUENCY OSCILLATIONS. 172. CALIBRATION OF THE SECONDARY 
-AND PRIMARY CIRCUITS OF A RECEIVING TUNER. 173. CALIBRA- 

TION OF THE OPEN AND CLOSED CIRCUITS, SIMULTANEOUSLY. 

174. MEASUREMENT OF THE NATURAL OSCILLATING PERIOD OF 

A Соп. 175. MEASUREMENT OF ELECTROSTATIC CAPACITY. 

176. MEASUREMENT OF THE EFFECTIVE INDUCTANCE OF A COIL 

AT Влрто FREQUENCIES. 177. CALCULATION. OF ÍNDUCTANCE 

FROM THE CONSTANTS OF THE Соп. 178. MEASUREMENT OF 

THE EFFECTIVE INDUCTANCE AND CAPACITY OF AN AERIAL. 

179. CALIBRATION OF A WAVEMETER FROM A STANDARD. 180. 
MEASUREMENT OF MUTUAL INDUCTANCE AT RaDio FRE- 

QUENCIES. 181. COMPARATIVE MEASUREMENT OF THE STRENGTH 

оғ INCOMING SIGNALS. 182. “TIGHT” AND “Loose” COUPLING. 

183. MEASUREMENT ОБ Нісн VoLTAGES. 184. TUNING AND Ар- - 
JUSTMENT RECORD. 


160. The Importance of Electrical Resonance.—It_is essential that the 
open and closed oscillation circuits of both the radio-transmitter and receiver be 
substantially adjusted to the same natural frequency of oscillation. To place cir- 
cuits of radio-frequency in resonance or to adjust them to any desired frequency 
of oscillation, standard resonating circuits known as wave meters ate employed. 
In a previous chapter we have explained that a hot wire ammeter may be employed 
for determining conditions of electrical resonance in two coupled circuits, Би 
there is a disadvantage in this method of tuning, for unless the inductance anc 
capacity of each circuit are known, the resulting frequency of wave length corre 
sponding thereto, cannot be determined ; hence the utility of the wave meter. . 

A circuit like that shown in Fig. 210a, consisting of a radio-frequency inductance L and i 

variable condenser C constitutes an oscillating circuit of variable frequency, the actual valu 
for any particular setting of the variable condenser being determined by the equation: 
5,033,000 
КМ------- 
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190 PRACTICAL WIRELESS TELEGRAPHY. 


erating circuit. Some indicator of maximum flow of current or maximum voltage must now 
be inserted in the circuit (of the wavemeter) in order that the exact point of resonance on 


the variable element may be located. | 


161. Indicators of Resonance.—That the wavemeter is іп resonance with 


the circuit under measurement, may be determined by one of several instru- 
ments. т 2225, | | 

In Fig. 210b а milliammeter M, range 0-200 milliamperes, is connected in series with the 
wavemeter for determining the adjustment of maximum current flow. 

In Fig. 210с, a small hot wire watimeter W, range .01-0.1 watts, is connected to the 


secondary winding S, of a small step down transformer, the primary P being connected in 


series with the wavemeter. | ; 
In Fig. 2104, a small glow lamp С (2 or 4 volt battery lamp), is connected in series with 


the wavemeter, the resonant adjustment being determined when the lamp glows brightest 
(with the wavemeter in a fixed position). 5; 
In Fig. 210е, а thermo-couple A, В, is attached to a heating wire C, D, the latter being 
connected in series with the wavemeter. The terminals of the thermo-couple are connected 
to a sensitive milli-voltmeter which may be calibrated in milliamperes. 
In Fig. 210%, a rectifying detector D is connected in series with a galvanometer G, both 


being shunted across the condenser C. The currents of radio-frequency are converted by 
| the rectifer to direct current and the 


resonant adjustment is determined by the 
maximum deflection of the galvanometer. 
In Fig. 210g, an electrostatic telephone P 
is connected in series with the wavemeter, 
the telephone being an active part of the 
oscillation circuit. The telephone contains 
a winding of three or four turns placed 
underneath а copper diaphragm. The max- 
imum sound is obtained when the wave- 
meter is in resonance with a given oscilla- 
tion circuit, the copper diaphragm moving 
with the group frequency of the transmitter | 
In Fig. 210h, а tube М, filled with neon 
gas, has sealed-in terminals at either end. 
Fig. 211—Diagram for Measuring the Natural Wave When shunted across the terminals of n 
НЕ d N wavemeter condenser, the tube glows bril- 

. Шап у at resonance. ae 
In Fig. 210i, a crystal rectifier D is connected in series with a 2,000 ohm telephone P, the 
final two terminals being shunted across the condenser C. The maximum of sound is obtained 
in the telephone at resonance. The connection of 210j is often preferred because the calibra- 
tion of the wavemeter is not affected by the presence of a shunt detecting circuit as in 2101. 
The uni-polar connection of the detector has the disadvantage that the wavemeter must he 
placed in closer inductive relation to the circuit under test than with the cornection of 2101. 


The inspectors of the American Marconi Company prefer either the hot wire 
wattmeter, or the crystal detector and head phones as. indicators of resonance 


above all others. 
162. Uses of the Wavemeter.—The wavemeter may be employed: 
(1) To place two or more circuits of radio-frequency in resonance; 
(2) To measure the wave length of the closed or open oscillation circuits of 
a radio transmitter. y GS 
(3) To determine the percentage of coupling between the closed and oper cir- 
" cuits of a transmitter; ET 
(4) To determine the decrement of damping; - B 
(5) To calibrate a receiving set (by means of an exciting buzzer); ` | 
(6) To determine the wave length of a distant transmitting station at the 
receiving station. 5 
(7) To determine the purity of the wave emitted from the antenna. | | 
163. Simple Use of the Wavemeter.—A simple use of the wavemeter is 
shown in the diagram, Fig. 211, wherein the natural wave length of an aerial 1s 
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194 . PRACTICAL WIRELESS TELEGRAPHY. 


Aceording to the U. S. regulations, the radiated wave is considered as being pure, when 
(if the antenna oscillates at two frequencies) the amplitude of the energy corresponding to 
the smaller wave is 10 per cent. or less than that in the greater wave. | 

To determine the relative power of the ratliated waves, the capacity of the wavemeter 
condenser must be carefully varied, the two maximum readings of the wattmeter correspond- 
ing to the two oscillation frequencies being particularly noted, If the wattmeter indicates 
0.1 watt at the longer wave, and 0.01 watt or less at the shorter wave, the wave is pure ac- 
cording to the United States regulations. 1 the amplitude of the shorter wave exceeds 0.01 
watt, the coupling between the primary and secondary windings must be reduced until the 
correct current amplitudes are obtained or until a single wave emission results. It is usual 
to reduce the coupling until the antenna radiates a single wave. | 

That two waves are being radiated from an aerial can be determined by a crystal rectifier 
and telephone as well as by the wattmeter, but the relative power of the waves cannot be 
determined in this way. If a sensitive vacuum valve detector is connected to the wavemeter, 
the latter can be placed several hundred feet from the aerial. The wave length can be 
measured with a greater degree of accuracy due to the “looseness” of coupling. 


When a ship's aerial is tuned to the standard waves, near to a building with a 
steel or iron frame, the effective resistance and the natural wave length are ap- 
preciably altered; hence, to secure the maximum flow of antenna current, the 
aerial tuning inductance must be slightly readjusted (when the ship is at sea) 
until the ammeter indicates a maximum. Similar effects are observed when a ship 
lies near to another vessel equipped with an aerial, particularly if the aerial of the 
other vessel is connected to earth. It 1s preferable to tune a transmitting set at 
a distance of at least a half wave length from large metallic structures. 


We have defined а pure wave according to the U. S. regulations as being one 
in which, if the antenna oscillates at two frequencies, the energy of the lesser 
wave will not exceed by 10 per cent. the energy in the greater wave. According 
to the same regulations, a sharp wave is one in which the decrement of damping 
per complete oscillation is 0.2 or less. The measurement for the decrement will 
be described im paragraph 169. 


165. Tuning by the Hot Wire Ammeter.—The open and closed circuits 
of a transmitting set can be tuned to resonance as follows: Set the closed oscillation circuit 
to a definite wave, or to one of the three standard waves, by means of a wavemeter. Place 
the secondary winding of the oscillation transformer in inductive relation to the primary 
winding. Follow it by cutting in and out turns at the aerial tuning inductance until the 
aerial ammeter indicates a maximum of current. я 
| Next change the coupling and leave the primary and secondary coils at that position, 
| where a fair value of antenna current is obtained, with the wave emission complying with 
| the law in respect to sharpness and purity. (The latter is determined by the decremeter.) 
| Тһе method can be reversed as follows: Set the open circuit to a standard wave by the 
wavemeter and place the primary winding of the transmitting oscillation transformer in 
inductive relation to the antenna coil. With the spark discharging at normal power con- 
sumption, add or subtract primary turns until the highest possible reading of the aerial 
ammeter is obtained. i 

A small glow lamp, such as a 2, 4 or 6 volt battery lamp, shunted by a semi-loop of wire, 
serves as an indicator of resonance between the open and closed circuits and is often used 
in case of emergency. < 


166. Tuning the 2 К. W. 500 Cycle Panel Transmitter.—Detailed in- 
structions for the tuning of the standard panel sets of the Marconi Company will 
be given in Part XII. The process is quite similar to the tuning of any set, with 
the exception that the closed oscillation circuit ts tuned .to the three standard 
| waves at the Marconi factory and outside of the determination of the logarithmic 

decrement all tuning aboard ship can be done by the aerial ammeter alone. | 
. he particular feature of this set is the wave length changing switch, which in a simple 
operation permits either the 300, 450 or 600 meter waves to be radiated, the necessary changes 
of self-inductance, condenser capacity, and coupling being. selected by a set of blades making 
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196. _ A PRACTICAL WIRELESS TELEGRAPHY. 


. 168. Plotting of Resonance Curves.—A calibration of the closed and 
open circuits of a radio-transmitter is frequently desired to determine, let us say, 
the variation of frequency or wave length occasioned by the insertion of a certain 
amount of inductance. The results of such measurements are plotted on cross- 
section paper in the form of a curve (or perhaps a straight line). The principal 
advantage of such plotting lies in the fact that it enables one to take a character- 
istic set of readings at two or more decisive points and thus determine interme- 
diate values by following the general outline of the curve. 
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Fig. 217—Complete pee Ex for как ЫЕ Decrement of Antenna’ Oscilla- 
tions and Plotting a Resonance Curve. 


The resonance curve of the radiated wave of a transmitter is a graphic way of showing 
the relation between the amplitude of the current and the frequency от wave-lengths at and 
near the fundamental frequency. The value of the plotting lies in the fact that it enables 
the experimenter to obtain, in a general way, the over-all distribution of energy in the emitted 
wave, the decrement of damping and the relative power of the two waves, if present. — 

To plot the resonance curve of the radiated wave, a wavemeter is required, in series 
with which is connected either a hot wire milliammeter or a hot wire wattmeter. Тһе 
milliammeter should have a range of, say 40 to 240 milliamperes, while the wattmeter may 
have a scale reading of .01 to .1 watt. The latter instrument 15 preferably connected. to the 
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Corresponding wave- 
Turns | lengths in meters 
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These data appear in the curve, B, Fig. 219. Intermediate wave lengths lying between the 
complete turns may be found as in Ше previous case. 

Curves of the latter type should be prepared at each commercial station and posted in the 
apparatus room for quick reference. In this manner, the open and closed oscillatory circuits 
may be tuned to the standard "waves with the assurance that the circuits are in exact 
resonance. 

Returning to the resonance curve of Fig. 218: Assume that the portion of the curve, Fig. 
218, above the horizontal line marked .05 represents the range of wave lengths over which 
the signals are audible at a receiving station located, say, 75 miles distant from the- 
transmitter. 

It is easily seen that a change of 20 meters on either side of the maximum ordinate will 
reduce the incoming signals to zero. It is also plain that the sharper the curve, the greater 
will be the reduction of the strength of the incoming signal for a given amount of detuning 
at the receiver. Hence resonance curves, іп а sense, enable us to determine the ratio of the 
current at the receiver for a given wave length off resonance to that obtained at the maxi- 
mum ordinate or resonance. | 


169. Measurement of the Logarithmic Decrement of Damping.—The de- 
termination of the decrement of damping of the antenna oscillations is a measure 
of the tuning qualities of a radio-transmitter and, in a sense, permits a prede- 
termination of the interference to be expected therefrom, If the decrement of the 
oscillations flowing in the open circuit is known, we may determine the number 
of oscillations per spark discharge as follows: 


4.605 + 8 
М = | (1) 
д 
where 6 = Naperian logarithm of the ratio of two successive oscillations 
in the same direction ; 
M — number of complete oscillations* in the train when the last опе. 
has attained amplitude of .01 of the initial oscillation. 





Hence if the emitted wave has a decrement of 0.2 there will be approximately 24 


complete oscillations per spark. 

It has been determined by experiment that a transmitter having decrement in excess of 2 
per complete oscillation causes excessive interference to the operation of other stations not 
tuned to the same wave length, and it necessarily follows that the greater the decrement of 
the radiated wave the greater will be the interference, e. g., the wave will lack tuning quali- 
Hes. Hence, as far as tuning and the elimination of interference is concerned, it is Heenan 
to keep the decrement at a minimum value. 

Modern quenched spark transmitters have oscillation decrements pike between 05 а 12 
and therefore set up a minimum of interference, to the operation of other stations. 

It has been shown by V. Bjerknes that the combined decrement of two circuits of radio-- 
frequency, magnetically coupled, is given БА the following formula: 


8, 18, — 2r ee jan | (2) 
| — 1 


Where (in the case where a VEO is to the antenna system of a wireless tele- 
graph transmitter), 








— 





*Some writers express the logarithmic decrement on the basis that the amplitude of the last oscillation 
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С — Сі т 
бі + ба = — (5) 
ee 2 | | 
where Cs — the capacity of the condenser at a value greater than Cr, the capacity 
where the reading of the wattmeter falls to one-half that 
obtained at Cr and, 
С: = the capacity of the condenser at a similar wattmeter reading corre- 
sponding to a capacity less than Cr. 





Although the logarithmic decrement of а transmitter may be measured by several methods, 
but one considered the most practical by U. S. engineers will be described. 

To carry out this measurement, a wavemeter fitted with a current indicating instrument 
is required, which may be either a hot wire milliammeter or a hot wire wattmeter. The con- 
denser of the wavemeter should have a chart showing the capacity in microfarads corre- 
sponding to each position of the pointer on the condenser scale and the hot wire wattmeter 
should have a range of .01 to .1 watts. 

To measure the decrement, the wattmeter should be connected as in Fig. 217 for obtaining 
the data for plotting a resonance curve. 

The coil, L, of the wavemeter is then placed in inductive relation to the antenna system 





Fig. 221—Kolster Decremeter—the Type Used by the Government Radio Inspectors. 


at the single turn of wire, L-1. The key of the transmitting apparatus is held down con- 
tinuously and the length of the spark gap adjusted until the note is clear and uniform. This 
is followed by variation of capacity of the wavemeter condenser until the wattmeter indicates 
a maximum deflection which, of course, is obtained at the point of resonance 
between the two circuits. The inductance coil L is then moved about—that is to say—the 
coupling between it and the antenna coil L-1 is changed until the maximum reading of the 
wattmeter falls (as a matter of convenience) on some even number, say 0.08 watt. The 
condenser is then set at a lower value of capacity, Сі, where - the reading of the 
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Hence, by subtracting the value of 9 from ді -+ 9 we have бі, the decrement of the aerial 
circuit under test. 
Assume for example, 


à + ба — 0.15 
and бі + ба + ôs — 0.17 
thends — 0.02 
0.17 x 0.02 
Aqu mem 00 
0.30 — 0.17 


therefore à — 0.15 — 0.026 = 0.124 


If a milliammeter is connected directly in series with the wavemeter or decremeter, in 

| 1 
place of the wattmeter, the reading of the meter at the point off resonance should be —— 
1.41 


5 


of that obtained at resonance or approximately 71 per cent. 


A resonance curve of the antenna oscillations, having been taken for any reason whatever, 
may be used for calculation of the decrement, for it is apparent that the data required for 
formula No. 5 is included in such curves. 

If the variable condenser of the wavemeter is constructed so that the capacity varies 
directly with the scale reading, the actual capacity of the condenser need not be known. 
The reading of the condenser scale for the points on and off resonance can be substituted in 
formula No. 5 in place of the condenser capacity and the decrement measurement carried on 
as usual. : 

Formula No. 2 can be written: , 


Ма Ав 1° : 
3.1416 —— 
is ELT 


(8) 








fi feo 





where Ar = wave length at resonance; . 
1: = current corresponding thereto in the circuit of the waved 
Az — wave length 3 per cent. to 5 per cent. above resonance; 
№ = wave length 3 рег cent. to 5 per cent. below resonance; | 
1° = current corresponding to wave lengths above and below resonance. 


The decrement of the -wavemeter must, of course, be subtracted to obtain the value of à. 
Direct reading decremeters, such as the Kolster* decremeter (Т). S. Bureau of Standards) 
are in use. In this instrument, a dial geared to the movable plates of the variable condenser | 
E is fitted. with a scale of 
Bi : decrements and when the 

: reading of the wattmeter 
at a given point off 
resonance 15 one-half 
of that obtained at reson- 
ance, the combined decre- 
ment of the decremeter 
and the circuit under 
measurement is obtained. 
by first setting the decre- 
ment scale at zero (when 
one-half resonance cur- 
rent is obtained) after 
which the decrement dial 
is clamped to the movable 
plates of the variable . 
condenser and the latter 
turned to resonance and 
to a point beyond where 
the reading of the watt- 
meter again falls to one- 





Fig. 223—Wavemeter as a Source of Radio Frequency Oscillations. 
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206 PRACTICAL WIRELESS TELEGRAPHY. 


Other values of inductance may be selected at L-1, the capacity of C-1 varied progressively 
from zero to maximum, and the corresponding wave length measured by the wavemeter. 
These calibrations may be plotted in curve form on cross-section paper or in the form of a 
table for ready reference. 

The open circuit of a receiving station can be calibrated by the method shown in Fig. 
213. With the buzzer in operation, inductance is progressively added at the aerial tuning 
inductance L-2 or the primary winding L-1 of the receiving transformer, and the wave 
length reading observed at the wavemeter. The reduction of wave length occasioned by the 
short wave condenser may be measured on the wavemeter in the same manner. 


If, during the preliminary adjustment, resonant response cannot be secured by this method, 
it indicates that the wavemeter has not the proper range for the tuner. Hence, some knowl- 
edge of the probable wave length of the circuit should be obtained before undertaking the 
test and a fitting wavemeter supplied. The wave length can be roughly estimated from the 
approximate values of inductance and capacity in the circuit. 
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Fig. 225—Showing How Open and Closed Oscillation Circuits of a Receiving Tuner May Be 
Calibrated. : 


173. Calibration of the Open and Closed Circuits Simultaneously.—The 
most: satisfactory method of calibrating a receiving tuner or adjusting the re- 
ceiving system to a standard wave length with a given aerial, is to place a wave- 
meter in inductive relation to the antenna at all times as in Fig. 225. 

Since a change of coupling changes the tuning of the open and closed circuits, the exact 
adjustment of the circuits for the loudest response with any degree of coupling can be de- 
termined by setting the wavemeter into excitation and causing it to act inductively upon the 
open circuit. This should be followed by variation of the inductance and capacity in both 
the open and closed circuits until a sharp maximum is obtained in the head telephones of the 
receiver. The loudest response, of course, is secured when the wavemeter, the closed, and 
the open circuit are all in electrical resonance. А4 the same time, the crystal rectifier can 
be adjusted to maximum sensitiveness. 
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(Caes НА ha taban during thie calibration to varv the values of inductance and capacity 
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and S are the primary and secondary windings respectively of an ordinary tele- 
phone induction coil. A buzzer and battery are conrected in series with P. This 
apparatus affords a source of electromotive force for obtaining balance of the 


bridge. 


To carry out the measurement, the buzzer is set into vibration and the values of R-1 and 


| R-2 varied until complete silence or a minimum of sound is heard in the telephone P-1. The 


various quantities are then related as folows: . | 
| Cx R2 R-2 
—— = — or C-x = —— X C-n 
| C-n К-1 . R-1 | 
If condensers C-x and C-n have different dielectrics, complete silence cannot be obtained 
hence a minimum of sound is an indication of balance. То carry out the measurement foi 


low values of capacity, the total resistance of the sliding wire bridge, need not exceed 110 ohms 
| If the aerial and eartk 


wire of an antenna sys- 
tem be substituted for the 
condenser C-x, its elec- 
trostatic capacity may 
thus be determined, but 
it should be borne ir 
mind that the simple 
electrostatic capacity o! 
an aerial and its "ef. 
fective” capacity wher 
traversed by alternating 
current of radio-fre: 
quency are of differen 
value. This is due to the 
| non-uniform distributior 
Fig. 228— Measurement of Electrostatic Capacity at Radio Frequencies. of current and voltag: 
2; | | | throughout the open cir: 

cuit which causes the capacity to vary with the applied frequency. Generally the effective 
capacity is less than the simple electrostatic capacity. (Тһе latter value is the capacit; 
obtained by considering the aerial merely as one plate of a condenser, the earth the opposit: 
plate and with uniform current and voltage distribution.) | mec ij 
A standard of capacity for the bridge may һе constructed from flat bras: 
plates of rectangular form and its capacity may be calculated by the following 

| 


formula: | 
: ANS 


C= 
4« T 900,000 iE 
where А = area in sq. cms. of the dielectric covered by the plates, 
Т = separation of the plates in cms. | a 


ty at Radio-Frequenci 





míds. 





ж 


(b) М easurement of Capac es. The capacity of th 


‘condensers used in receiving circuits may be determined by the method shown i1 


diagram of Fig. 228. A wavemeter L, C (or any variable condenser and induct 
ance within the required range) is set into excitation by the buzzer B-2. Th 

| resulting oscillations are caused ti 
act upon the second circuit of vari 
able frequency, L-1, C-x or L-1 
C-n. C-n is a standard variable con 
denser calibrated in microfarads 
and C-x the condenser, the capacit; 
of which is to be determined. A 
crystal rectifier connected uni-later 
ally at D is shunted by the telephone 
P. A double pole double throv 
switch permits either condenser ti 
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Fig. 232—Showing the Values of a Correction Factor for Determining the True Inductance of а Coil, 
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214 > PRACTICAL WIRELESS TELEGRAPHY. 


This data is essential in the calculation of the inductance of the coils in radio-frequency 
circuits, particularly the tuning coils of the receiving apparatus. Knowing the length of 
- the winding and the diameter of the wire, 

the total number of turns is obtained in 
dividing the former by the latter. Multi- 
plying this by the circumference of the 
coil, the number of feet of wire required 
for a given winding is at once obtained. 


178. Measurement of the Ef- 
fective Inductance and Capacity 
of an Aerial—To measure the ef- 
fective inductance of an aerial, a 
standard wavemeter and a standard 
of inductance is required. The latter 
can be made up of Litzendraht wire 
and calculated from the inductance 
formula in the foregoing paragraph. 

The aerial is set into excitation by an 
induction coil or transformer S, Fig. 233, 
and the wavemeter placed in inductive 
relation. Тһе reading of the natural wave 
length thus obtained may be designated as 
№. We next insert the standard induct- 
ance L' and take a second reading of the 
Fig. 233— Diagram of Connections for Measuring the wave length which may be designated 





WAVE METER 


PHONES. 


Inductance and Capacity of an Aerial. by А | 
| №? јл 
then L == —— —— 
(Az — №) 


where L = inductance of the aerial in microhenries; 
І? = inductance of the standard іп microhenries.: 


To determine the effective capacity of an aerial, first measure the natural wave length X 
then insert a condenser C' of .001 microfarads capacity and take a second measurement of 
wave length №, Obviously Аг is less than м, Then the capacity 

А. | 
С ДК aL NE ADS E У Cu * 
c AZ E: 
where C — capacity of the aerial in microfarads. 





179. Calibration of a Wavemeter from a Standard.—If a calibrated wave- 


K meter can be procured, the wave- 
meter described at the beginning of 
this chapter can be calibrated from 
ЕЕ 76 it in a simple manner, as shown in 


паш 


МЕ | Fig. 234. Неге, L and С respec- 
; tively, are the inductance coil and 
condenser of a standard wavemeter 
which is set into excitation by the 
buzzer, H, and the batteries B. The 






| winding of the magnets of the 
ES | buzzer are shunted by a condenser 
STANDARD са К, of about 1 microfarad capacity, 


WANEMETER UNDER : А . 
| CALIBRATION for which may be substituted, if 


Fig. 234—Simple Method of Calibrating a Wavemeter desired, a non-inductive resistance 
d nrc came of about 100 ohms. These are in- 


tended to absorb the counter electromotive force of the buzzer winding. | 
When the buzzer is set into operation, the wavemeter L C becomes a miniature trans- 
ти по set, radiating waves corresponding to a definite frequency of oscillation which will 
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216. - PRACTICAL WIRELESS TELEGRAPHY. 


This process is repeated until a complete set of calibrations are obtained. If desired, 
the crystalline detectors connected to the wavemeters, B and C, may be connected in series 
with the head telephone and then in shunt to the condenser. The connection shown, how- 
p iia greater accuracy because the calibration of the wavemeter is not so seriously 
aifected. 


180. Measurement of Mutual Inductance at Radio Frequencies.—As- 

sume that two coils such as the primary and secondary windings of a receiving 

; tuner, L-2 and L-3, Fig. 236, are in 

inductive relation and the mutual in- 
ductance 1s required. 

With the binding posts А, B and C, D 
connected together by а jumper, the 
wavemeter is tuned to resonance with the 
spark gap circuit, L, C, S. Тһе capacity 
of the wavemeter condenser С-1 is ob- 
served and may be designated as C-2. 
Inductances L-2 and L-3 are now con- 
nected in series and a new value of C-1 
obtained for resonance, designated аз 
Fig. 236—Showing the Connections for Measuring C-3. Then when the magnetic fields of 

the Mutual Inductance of Two Coils at the two coils are in the same direction, 

. Radio Frequencies. a large value of inductance is obtained 

which is equal to L-2- L-3 -+ 2M, and in terms of the two condenser capacities observed 
on the wavemeter, | 





| C-2 
1-24: 1-3 2M — ш) Т1 
C-3 
where L-1 — inductance of the wavemeter in microhenries. 


After this value is obtained, the connections from L-3 to C, D are reversed (as shown 
by the dotted lines) and the тасаѕигетепі gone through again. Then if this is the smaller 
value of inductance, | | 

C-2 
L-2 + L-3 — 2M = cedri 
C-4 
Where С-4 == capacity of the condenser at resonance with the connections to 


- С; D reversed. 


The two values of inductance having thus been obtained, the mutual inductance 
| L-5 — L-6 
М —————- 
| 4 | 
. Where М = the mutual inductance in microhenries; 
L-5 — larger value of total inductance; 
L-6 — smaller value of total inductance. 


181. Comparative Measurement of the Strength of Incoming Signals.— 
Тһе human ear is not to be relied upon to judge the strength of incoming signals 
at a given receiving station when they vary in intensity by values less than 25 
per cent. and since the comparison of the signals from one or more transmitting 
stations is often desirable for purposes of record or adjustment, more accurate 


means must be provided. 


Тһе ideal way to measure the strength of the incoming signals would be to place a 
galvanometer in the receiver circuits, but this is not feasible, particularly when 
the. receiving station is far distant from the transmitter or in case discharges of 
atmospheric electricity are rather severe. Hence the measurement is carried out by means 


of a calibrated shunt resistance connected across the receiving telephone. 


` The measurement of the signal intensity is carried out as follows: А given transmitter 
is tuned to maximum strength of signals at the receiver, followed by connecting a variable 
resistance across the telephones, the resistance being reduced until the signals just disappear 


or are barely audible. ; (РЕ | 
ТЕ we designate the value of the telephone current in microamperes required to make 
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222 PRACTICAL WIRELESS TELEGRAPHY. 


The coupling reference at the bottom of the card refers to the coupling of the primary 
and secondary windings on the panel sets shown by the, scale attached to the coupling 
handle. The notation *9 for rotary" means that the coupling for the rotary gap is less than 
for the quenched gap or at least the primary and secondary windings have greater separation 


than for the quenched gap. т | Ке 
The notation condenser jars refers to the number of jars in use in the closed circuit. 


MARCONI WIRELESS TELEGRAPH COMPANY OF AMERICA 


_March {44 гт TUNED By_ poh oe- 








AMPERES, 


[iN 


ANTENNA CURRENT 


ЕЕ ННІ 


SECONDARY SCALE SETTINGS. 


Fig. 245—Curve Showing Reduction of Current by Turning the Secondary Winding of the Type . 
Oscillation Transformer at Right Angles to the Primary Winding. 


Diagrams showing the different ways Government Inspectors record the coupling an 
the number of primary and secondary turns for the standard wave lengths are shown i 
Fig. 244 which is a duplicate of the drawings printed on the back of the Government tunin 
record (form 766). Duplicates of these sketches are drawn in on the Government tunin 
record by the Government Inspectors and the exact number of turns for the standard wave 
in either circuit plainly marked for operator’s reference. In certain standard types C 
Marconi apparatus, а diagram showing the turns in use is not required; the inspecto 
merely marks the number of turns for the standard waves in both the primary and secondar 
windings. · | 

We have shown in paragraph 103 how the coupling of the type A oscillation transforme 
is reduced by turning the secondary winding at an angle to the primary. It is also mentione 
in paragraph 202 that the antenna current can in this way be progressively increased fro: 
zero to maximum. е 

In the curve shown in Fig. 245 the antenna current corresponding to various angles of th 
secondary winding is plotted in the form of a ctfrve. Such records are posted in th 
operating room. It will be observed in Fig. 245 that when the secondary winding bears a 
angle of 90? to the primary winding, the antenna current is zero, but, as the secondar 
winding is turned towards maximum coupling, the antenna current gradually increases 1 
814 amperes. By giving careful attention to the data shown in Fig. 245 the operator | 
enabled to communicate with ship or shore stations with the minimum of interference, usir 
such values of antenna current only as will enable the desired distance to be covere 
There is no hard and fast. rule to lay down for determining the correct value of antenr 
сан, fnr transmitting over a given distance, but after а few experimental trials wit 
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230 PRACTICAL WIRELESS TELEGRAPHY. 


The operator should select a certain number of gaps, say eight, and follow it by varyin; 
the generator voltage. After the set has been ішпей for maximum antenna current, th 
voliage should be slightly readjusted until the spark is clear. 

It is easily seen that if the note is clear and the secondary circuit is thrown out o 
resonance, less energy will be withdrawn from the closed oscillation circuit, which wil 
increase the voltage across the gap. Тһе pitch of the note will therefore be destroyed. 


Тһе rule to be followed is, tune the set first; afterwards adjust the gaps and voltage unti 
the note is clear and the wattmeter indicates 2 kilowatts. 

The synchronous rotary gap is adjusted for a high pitched note by the small bras го‹ 
R and knob, Fig. 116, which moves the muffling drum carrying the stationary spark elec 
trodes through a 25-degree arc. 

It is also essential that the А. C. voltage be carefully regulated. But the operator shoul 
take care that the reading of the wattmeter in no case exceeds 2 К. W. Also he shoul 
adjust the length of the discharge gap until the stationary electrodes and the rotary elec 
trodes are separated no more than .01 of an inch. Тһе complete process will perhaps ђе 
clearer from the detailed drawing, Fig. 252. 


давав i ДАА p OVERLOAD RELAY 
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Fig. 251—Automatic Starter Panel (2.K. W. 500 Cycle талын тет). 


It is important that this adjustment be not undertaken until the motor is stopped. Then 
one stationary electrode is lowered down by means of the milled screw S until it touches one 
of the electrodes on the disc. The electrode is then raiséd to just miss the rotating electrodes 
when the disc is turned over by hand. Similarly the other stationary electrode must be 
lowered until it touches the disc electrodes and then raised until it Чеш» the entire set of 
spark points on the disc. | 

Each turn of the nut S represents a radical movement of .037 of an inch and as there are 
eight holes equally spaced in the face of the nut (which engage the pin P), the movement 
of one hole represents a radial movement of approximately .005 of an inch. The length of 
the spark discharge gap is adjusted correctly when the electrodes on the disc and the sta- 
tionary electrodes are separated .005 of am inch to .01 of am inch, and, after they have been 
so adjusted, the muffling drum should be shifted backward or forward until a uniform 
clear spark note is obtained. 

(c) Details of Quenched Gap. A detailed iront view of this spark gap partly i in section 
is shown in Fig. 253. The quenched gap consists of a number of copper discs or plates such 
as O, O, having circular sparking surfaces J separated by paper washers which are specially 
treated with an insulating varnish. These plates are set in a trough and clamped together 
with such pressure that Ше space enclosed between the discs is airtight. A disc or insulating 
material F is. placed against the end plates to insulate the gap from brackets K and С. Con- 
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DOO Gs, А PRACTICAL WIRELESS TELEGRAPHY. 


on the secondary turns of the oscillation transformer may appear difficult to the unskille 
operator, but is easily accomplished by the trained engineer or inspector. 

The function of the wave length changing switch and the tuning of the 2 K. W. 500 cycl 
set will be described in detail and reference should be made particularly to Fig. 246 showin 


the complete circuits of the apparatus. i | 
First it should be noted that when the quenched spark discharger is cut in the circuit, th 
coupling between the primary and secondary windings is varied by varying the number o 
turns in the secondary winding only, the primary and secondary coils being placed т 
fixed mechanical position, but for the synchronous retary spark gap they are drawn apart t 
whatever degree of separation is necessary to radiate a pure wave. In certain installation 
the primary and secondary windings may be placed in a fixed mechanical position for th 
rotary discharger as well as for the quenched gap. ib | 
(1) Expianation of the circuits. It will be observed from the diagram, Fig. 246, the 
these sets are fitted with a change-over switch which permits either the rotary disc discharge 
or the quenched spark discharger to be cut in the circuit. The gaps are connected in serie 
and to change from one to the other, it.is only necessary to shift the position of the switc 
К. When the quenched discharger is in use, а compensating inductance І, Fig. 246, make 
up for the length of. leads connected from contacts 58 and 59 to the rotary disc discharge: 
thereby keeping the wave-length of the closed oscillatory circuit constant. When the rotar 








ға, le 















IN | 
7 a. 


Fig. 253—Detailed Sketch of Marconi Quenched Spark Сар. 


discharger is connected in the circuit, the flexible leads attached to the quenched gap piate 
must be connected. together. түт «99 zm 
^ In the diagram, Fig. 246, the high potential transformer of the set is represented by th 
primary and secondary windings P and S respectively; the high potential condensers at C- 
and C-2; the primary winding of the oscillation transformer at P-1, the secondary at 5-1 
also an aerial tuning inductance 5-2 with flexible contacts A, В and C, and, in addition, · 
continuously variable tuning inductance 5-3. The antenna system further includes the serie 
condenser C-3 and the aerial ammeter. The distinctive feature of this apparatus is th 
primary wave-length changing switch W-1 operated simultaneously by a single handle 1 
conjunction. with the switch W-2. It will be observed that when W-1 is in contact wit 
point 39, а single unit of the condenser C-2 (three jars in parallel of 0.002 microfarads each 
is connected in series with the primary winding of the oscillation transformer at point A 
1.е., the adjustment for 300 meters. : AE 

Similarly, W-2 closes the aerial circuit to contacts 44 and 45, which connect in the correc 
number of turns to radiate the 300 meter wave. Contacts А, B апа C of 5-1 and 5-2 ma 
be plugged in at any point on the secondary coil, but they аге: permanently attached to th 
coil after the set has been tuned to the three standard waves. Further movement of th 
handle connects together contacts 40 and 41, which not only conhects in the correct numbe 
of primary turns for the wave-length of 450 meters, but also connects the condenser unit 
" С-1 and С-2 in parallel, giving a total condenser capacity of 0.012 microfarads. ‘Still furthe 
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DOM re PRACTICAL WIRELESS TELEGRAPHY. 


to reduce the power to a value commensurate with the decreased secondary condenser capacity. 
The transformer then consumes 1 k. w. 

During the tuning of these sets it has been observed that if initial adjustments are made 
near to metallic dock buildings, the effective antenna resistance is altered, and, in conse- 
quence, the tuning adjustments for maximum antenna current, need to be changed slightly 
when the ship is at sea. Generally it is only necessary to vary slightly the inductance of S-3 
for maximum aerial current. 

After the set has been tuned in this manner, the purity of the wave and decrement of 
the oscillations is measured by means of a wavemeter with a current indicating instrument 
connected in series, such as a wattmeter. 

The commercial value of a transmitting set equipped with these features cannot be over- 
estimated. The operator having at his disposal three standard wave-lengths, any of which 
a . may be brought instantly into play, can 
Ж TERMINAL literally pick his way through the con- 


gested radio atmosphere, changing от. 


one wave-length to the other as operating 
| 





conditions тау require. 


E SIDE | (e) Type 106 Tuner. Тһе working and 
CONTACT adjustment of this tuner 15 completely cov- 
| еге in paragraph 138 of Part IX. 


(f) Short Wave Condenser. 'This con- 
denser consists of 2, 3 or 4 jars connected 
in series. Owing to the variation in the 
capacity of commercial aerials, the correct 
capacity for the short wave condenser is 
best. determined by experiment. Two 
standard jars in series have capacity of 
.001 mfds.; three in series .00066 mfds., 4 
in series .0005 mfds. Aerials having a 
natural wave-length of 250 meters do not 
require a short wave condenser for three 
standard waves. А side view of one type 
of short wave condenser is shown in 
Fig. 254. 

(о) Spark Gap Change-Over Switch. 
To change from the quenched to the 
rotary gap, a small D. P. D. T. switch is 
connected in the circuits of radio-fre- 
quency. When the rotary gap is connected 
in the circuit, the quenched gap 15. placed 


Fig. 254—One Туре of Marconi Short Wave cn short-circuit by connecting together the 
Condenser. (бее Fig. 128) contact clips 


189. Type P-5 Panel Transmitter.—In many respects this set duplicates 
the type P-4, but there are certain mechanical modifications. Тһе motor gen- 
erator and the transformer are mounted on the panel frame together with the 
remainder of the equipment. Во the rotary synchronous discharger and the 
quenched discharger are supplied. А compensating inductance joined to the 
change-over switch permits the use of either spark discharger without change 
of the wave-length of the closed oscillation circuit. 

A fundamental circuit diagram of the automatic starter for this set has been shown in 
Fig. 74 and a more detailed diagram is now presented in Fig. 255. The circuits of radio- 
frequency are shown in Fig. 256; а front and side view of the panel in Fig. 257 and Fig. 
258 and a rear view in Fig. 259. 


190. Description of Apparatus The motor (р comprises : a 110 volt 
direct current motor directly connected to a 77 К. W. 120 volt 500 cycle alternator. 

The motor is designed to operate on pressures between 95 and 115 volts with little change 
of speed. Тһе initial speed is controlled by a rheostat mounted on the left hand side of 


the panel. 
The generator is of the inductor type having a stationary armature and field winding, the 
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Fig. 256— Radio Frequency Circuits of the % К. W. 500 Cycle Transmitter. 
The circuits of radio-frequency (Fig. 256) are similar to the 2 K. W. set with the excep- 
tion that а condenser of fixed capacity is employed throughout all wave lengths. Also the 
secondary winding is moved away from the primary for change of coupling, which is the 


reverse of the method employed in the 2 К. W. set. However, the change of wave-length is 


accomplished in the same manner by a special switch and the. primary and secondary wind- 
ings remain in a fixed mechanical position for all wave-lengths. AE 

The transmitter condenser consists of 4 copper-plated small Leyden jars connected in 
parallel having capacity of .001 míds. each. These are mounted in a metal rack behind the 
panel. | E | 
This set is also fitted with a single pole double throw high potential switch which either 
connects the aerial to the transmitter or connects it directly to earth for protection against 
lightning. This switch operates independently of the antenna changeover switch. 

The automatic starter supplied with this set has been shown diagrammatically in Fig. 74, 
but the diagram, Fig. 255, outlines the circuits more as they appear on the actual panel. 
The starter consists essentially of two magnets fitted with armatures, one of which con- 
nects the motor armature to the D. C. line through a single resistance coil and the other cuts 
ont this resistance thereby connecting the motor direct to the D. C. line. Appropriate resist- 
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Fig. 261—Complete Wiring Diagram of Marconi 1 K. W. 60 Cycle Non-synchronous Transmitter. 


The time of closing the contacts of the automatic starter is regulated by the set screw E, 
Fig. 260, attached to the bottom of the starter arm B. Both solenoids should perform their | 
functions within six seconds from the time the starting switch is closed. Like in the 2 k. w. 
set, the motor starter is controlled by a special set of contacts mounted on the aerial change- 
over switch or the motor may be held in а continuous state of operation by closing the flush 
switch mounted near to the antenna switch. In the later models of this set, when the 
starter is in full running position, resistances are cut in automatically at G and H to prevent 
the solenoid windings overheating. (See Section J Appendix). 


192. How to Remove the Armature of the 14 К. W. Motor Generator.— 
To remove the armature for purpose of repair or replacement, it is necessary first to remove 
the casing of the spark gap, then remove the disc, after which the bearing bracket can be 
removed from the generator. Next remove the motor brushes after which the armature 
can be pulled out. When replacing the armature the oil rings should be held up to permit 
the shaft to pass through the bearings. The oil rings should then be placed in their slots 
making sure that they move freely. Sc car a 
7 "To remove the disc of the rotary gap, the small machine screw in the shaft key should be 
unscrewed until it turns freely. А slight tap at the hub will then loosen the key which may. 
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244 STANDARD MARINE SETS OF AMERICAN MARCONI CO. 


ғ 


When the right hand double pole double throw switch is thrown to the upper set of con- 
tacts, the transmitting key 15 connected т series with the power transmitting set, but 4 
И in іле opposite position the Fey is in series with the primary circuit of the induction 
сої 

To place the coil transmitter into operation, the flexible plug contact attached to B 
should be removed from А and connected into C. 

'The arm of the rotary gap should be stopped in such position that a gap of the correct 
length is provided for the induction coil. | 

The student should also trace out (in this diagram) the circuit of the rotary-gap motor 
which includes the two-blade starting switch and the series rheostat. In practice the rheostat 
is adjusted until a clear musical tone is obtained at the gap. 

The motor starter shown in this diagram is the standard General Electric Company's 
hand starter, the circuits of which are fully shown in Fig. 72. 


197. Type “E-2” One-Half Kilowatt, 120 Cycle Panel аА 
number of vessels in the American Mar- 
coni service are equipped with 2 К. w., 
120 cycle panel transmitters fitted with 
a quenched gap but unlike the type 
“P-4” and type “Р-5,”. this set is de- 
signed for the two standard wave- 
lengths only, namely, 300 and 600 
meters. For emergency use, a rotary 
spark gap is mounted on the end of the 
motor generator shaft, which may be 
used in place of the quenched gap when- 
ever required. А complete circuit dia- 
gram of the type E-Z.set appears in 
Fig. 263, а front view in Fig. 264 and 
rear views in Figs. 265 and 266. 

A number of spare parts, such as an extra 
motor generator armature, motor blower 
armature, quenched gap plates, condenser 
jars, etc, are supplied, positively insuring 
against all possibility of breakdown. 


198. Details of the Circuits and 
Apparatus.—Explanation of the de- 
tailed wiring diagram shown in Fig. 263 fol- 
lows: | 


The motor generator is of the Eck type, 
having a two pole shunt wound motor and a 
simple shunt field winding for the generator. 

Fig. 264—Front View, of the Marconi % К. W. The speed of the motor is regulated by the 

sliding contact rheostat R and the voltage of 
the generator altered by the rheostat R-1. The generator feld circuit may be broken by the 
'small Switch shown in the drawing. 'The receiving apparatus is thus protected from “hum- 
ming" noises due to induction from the A. C. generator circuit. 

The motcr starier is the Cutler-Hammer single step type and is constructed: somewhat 
differently than the types employed in the 2 К. W. and ~ К. W. 500 cycle panel transmitters. 
When the main D. C. line switch is closed, the resistance coil S is connected in series with 
the D. C. armature. Owing to the almost complete absence of counter electromotive force, 
the potential difference across the terminals of the armature at the start of the motor is 
low; hence insufficient current flows through the solenoid windings W to draw up the 
plunger P. As the.speed of the armature increases, the counter electromotive force rises, 
and accordingly the difference of potential increases; finally sufficient current flows through 
the solenoid W to draw up the plunger P, whereupon the contacts C and C-1 are short- 
circuited, shunting the resistance coil S out of the circuit. The motor is now connected 





directly to the D. C. line. 


The plunger P also separates the contacts D and D-1 connecting the resistance coil 5-1 
in series with the windine W to protect the latter from overheating or burnine out. 
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246 PRACTICAL WIRELESS TELEGRAPHY. 


The aerial tuning inductance of the continuously variable type, represented at L-2, is con- 
nected in series with the earth lead and consists of a single spiral of copper ribbon having a 
sliding contact U which allows connection to be made at any point on the spiral. 


The aerial changeover switch for shifting the antenna from the sending to the receiving 
apparatus consists of a single blade double throw switch. When thrown to the right, the 
antenna is connected directly to the terminals of the receiving tuner; when thrown to the 
left, connection is made direct to the secondary winding of the transmitting oscillation trans- 
former. These sets may be supplied with the type S, S, H, or I aerial changeover switch 


as well. 
| The aerial ammeter of the Roller-Smith type, having a range of zero to 10 amperes, is 
permanently connected in the aerial circuit and is used for obtaining the maximum value of 
current and to indicate conditions of resonance between the open and closed oscillation 
circuits. 

The short wave condenser is of the standard Marconi type and may consist of either four 
flat plates of glass connected in series or four 
Leyden jars connected in series, giving a re- 
‘sultant capacity of .0005 mfd. 

The low potential power circuits are pro- 
tected from electrostatic induction by pro- 
tective condensers of large capacity. Two of 
these condensers are connected in series and 
earthed at the middle point. These protective 
units are connected across the generator field 
windings, the motor field windings, the arma- 
ture of the blower motor and the alternating 
current armature. The frame of the motor 
generator is connected directly to earth. 


199. General Instructions for Tun- 
ing апа Adjusting.—The following 
general instructions should be carefully 
observed by inspectors and operators: 

(a) Regulation of Voltage and Frequency. 
Connect the D. C. line (110-120 volts) to the 
lower terminal of the fused switch marked 
«D. C. Line,” the aerial to the binding post 
marked *A" on the back of the antenna change- 
over switch and ground either one or both of 
the terminals of the iron frame which sup- 
ports the panel. Y 

The slider of the generator field rheostat 
should be placed near the lower end, the an- 
tenna switch turned to “Send” position and 
about eight or nine gaps of the quenched gap 
connected in the circuit. 

Next observe that none of the leads be- 
tween the double two-point wave length switch 
Fig. 266—Regr. View of the Marconi % К. W. апа the oscillation transformer are discon- 

dx i ieee nected. Close the D. C. line switch which starts 
the motor generator through the automatic starter. Then close the “generator field" and 
the "blower motor" switch; “finally close the “A. C. line" switch. 

(b) Tuning. The complete set is now ready for tuning. Disconnect the antenna and tune 
the closed oscillatory circuit to the desired wave length by means of a wavemeter. 

Set the two-point switch indicator at “300.” 

Adjust the tap leading from the front coil of the oscillation transformer to switch point 
marked “300” to the 300 meter wave length. Then turn the indicator | to “600” and adjust the 
tap to the higher wave length. 

Next connect the set with the antenna, tune the secondary or open circuit to the closed 
circuit and locate taps for each of the two standard wave lengths. 

The coupling as. well as the sliding contact which travels over the turns of the aerial 
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If the plates and gaps stick together take care when forcing them apart not to injure the 
gasket or the sparking surfaces. Should the gasket become injured or г cling to the metal, 
clean the plate off carefully and insert a new gasket. _ 

The sparking surface of the plate should have a light, pink color with a асы dull 
finish. If a plate has a rough, black appearance, it indicates that the gap was not airtight and 


the sparking surfaces should be carefully cleaned with a very fine emery cloth. 


Do not operate the set unless the blower motor of the gap is running, otherwise the heat 
may destroy the gaskets. Never touch any circuit which may be alive without first opening 
the field switch or the generator тат switch, or possibly both. | 


200. Marconi 2 К. W. 240 Cycle Transmitter.—A number of vessels in the 
Marconi service are fitted with a 2 k. w. synchronous spark transmitter consisting 
of several isolated instruments mounted on an operating table in a convenient 
Wav. 

Тһе motor generator is a special Eck machine which takes current at the motor at 110 
volts and generates current at 500 volts at frequency of 240 cycles. Тһе motor is of the 
interpole type CREER gives sparkless commutation and constant 2o regulation under 


variable load. 


A synchronous rotary spark diseharger, mounted on the generator shaft, consists of a 
fiber disc carrying twelve spark points connected together by a copper strip. "Тһе stationary 
elecirodes, two in number, are mounted on a wooden muffling drum which encloses the disc. 
Synchronous. discharges are obtained by shifting the drum carrying the stationary. electrodes, 
one way or the other, until a uniform spark note is secured. Simultaneous adjustments of 
the generator voltage must be made noting the reading of.the ammeter to insure that normal 


power consumption is not exceeded. Тһе complete motor generator and spark gap is 
‘shown in Fig. 266a. The condenser may be either of the flat plate glass or copper-plated jar 


type. The oscillation transformer is the type mentioned in connection with the 1 k. w. 60 
cycle sets and shown in the photograph, Fig. 119. | 

"Ап open соте transformer is employed aling current in thë primary at 500 volts and 
delivering at the secondary, current at pressure of 15, 000 volts. 

The receiving equipment may consist either of type 107a or a type 106 tuner соп еа to 
a type I or type S. H. aerial changeover switch. 

Either а General Eleciric Company оғ Cutler-Hammer Hand Starter may be supplied 
with the motor generator. 

Since the process of tuning of radio sets is been gone over repeatedly in connection 
with other sets of the Marconi Company and particularly in paragraph 164, it 15 not deemed 
necessary to repeat the instructions again. Briefly, the rotary gap is adjusted for a clear 
spark note after which the closed circuit is tuned to the standard wave by a wavemeter and 
the anienna circuit is adjusted to resonance by a hot wire ammeter or by the wavemeter if 


desired. 


201. Type P-9, 14 K. W. Cargo Transmitting Set. aoe m the latest- Es 
of transmitters developed by the Marconi Wireless Telegraph Company of America 
is the type P-9 set which was primarily intended for cargo vessels or ships of 


small tonnage. 

Although the apparatus of this set is not placed on a panel board as the types 
P-4 and P-5, the component parts are mounted in a convenient way in an angle 
iron frame as shown in the photographs, Figs. 266-b апа 266-c. Fig. 266-d 15 a 
complete wiring diagram of the set. 

It is to be noted first that the lower part of the frame holds the motor generator, the high 
voltage condenser and a step-up closed core iransformer. 

On the upper shelf is placed the oscillation transformer, the aerial tuning inductance, the 


short wave condenser, the lightning switch and a resonance indicator for purposes of tuning. 


A hand-operated motor starter is mounted to the side of the panel and immediately under- 
neath a terminal board for making connections to the power, mains, the aerial changeover 
Switch and the telegraph key. 

This set was designed with the utmost simplicity A construction and operation in view 
and is one that can be placed in unskilled hands without fear of breakdown. 

Unlike the. Marconi transmitters previously described, type P-9. is not fitted with. a 
variable field resistance or an aerial ammeter. Fixed resistance coils are connected in series 
arth hath the motor and generator field windings and conditions of resonance between the 
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250 | PRACTICAL WIRELESS ТЕГЕСВАРНУ. 


тегзес in a semi-liquid grease. A small fixed reactance coil is connected in series with the 
primary winding for regulation of the current. | 
The high voltage condenser consists of two small sized copper-plated jars of .001 micro- 
farads each, which are shunted across the secondary terminals of the transformer. 
The oscillation transformer has two flat spiral coils made of copper strip wound edgewise, 
the primary winding being connected in series with the spark gap circuit and the secondary 
winding in series with the antenna circuit. The correct number of turns in either winding 


^ 





Fig. 266c—The Marconi М К. W. Cargo Set showing the General Arrangement of 
NE. the Apparatus. 

for the standard waves is obtained by means of a small clip contact attached to a flexible 
lead. The positions of the 300, 450 and 600 meter waves at the primary winding are clearly 

marked and the contact clip must be shifted by hand for each change of wavelength. 
The aerial tuning inductance also consists of a flat spiral copper strip wound edgewise 

on an insulating base, the inductance being varied by a flexible lead and contact clip. 
Instead of an aerial ammeter, a resonance indicator is connected in series with the 
antenna circuit. It consists of a small glow lamp shunted by a loop of wire upon whicl 
bears a sliding contact. By regulating the length of the shunt circuit, the proportion о! 
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of the type C key; the other key terminal connects to terminal No. 12 of the type I switch. 

Terminal No. 11 (type I switch) connects to stud 6 of the terminal board. 

Stud No. 4 of the terminal board connects to terminal No. 10 of the type I switch. 

Terminal No. 7 of the type I switch connects to stud No. 5 of the terminal board. 

In order to conduct induced currents to earth, the lead coating of the wires is thoroughly 
connected to the earth wire. 

The antenna lead-in insulator is connected to the type I switch contact marked “ANT 
CK'T" by means of quarter-inch copper tubing. 

The type I switch contact marked "OSC CK’T” is connected to the switch blade terminal 


of the short wave condenser. 


All other connections to the type I switch are firmly soldered in special lugs provided for 
the purpose. The copper tubing is supported by two standard lighthouse type of insulators 
supplied by the Marconi Company. 

The ground stud on the frame work of the transmitting apparatus is connected to earth 
by a zinc strip one-half inch in width. | 

Terminal No. 1 of type I switch is connected to binding post marked “Aerial” ог “АМТ” 


on the receiving tuner. 


The tuner binding post marked “Ground” or “GND” is connected directly to the earth. 
The left telephone binding post is connected to the terminal No. 5 of the type I switch. 
The right telephone binding post is connected to terminal No. 2. 

On the type 112 receivers with serial numbers from 2 to 13 inclusive, the small binding 
post marked "Detector" (located beside the primary tap switch) is to be connected to terminal. 
No. 4 of the type I switch; but on receiving tuners with serial numbers from 14 up, the 
binding post marked “Detector” or “DET” opposite the telephone binding post is to be con- 


nected to terminal No. 4 of the type I switch. 


The three dry cells are connected to the battery binding posts on the receiver.as shown in 
Fig. 266d. The receiving apparatus is connected with No. 18 rubber-covered solid wire. | 

(c) Adjustment. After the transmitting set is connected to the power mains, aerial switch, 
etc., the first adjustment is to be made at the electrodes of the rotary gap. 


(1) Lawer the stationary electrodes. by unscrewing the adjusting nut at the 
top (one at a time) until they touch the electrodes on the disc; then turn 
the adjusting screw to the right until the electrodes just clear those on 

2 the rotary disc, when the latter is turned over by hand. Тһе proper 
separation is from .005 to .01 of an inch. Be sure that the engaging pin 
on the stationary electrode is properly seated. 

(2) Next close the main D. C. line switch and start the motor generator by 
drawing the starting handle over slowly. 

(3) Close transmitting key and shift the muffling drum carrying the stationary 
spark electrodes until the note is clear and musical. 


(d) Tumne! The set is tuned to the three standard waves as follows: 


(1) Set contact clip on the primary coil of the oscillation transformer at the 
desired wave length (the position of the tap for each of the three standard 
waves is plainly marked on the coil). 

(2) To insure accuracy, check back the wave length of the closed oscillation 
circuit by a wavemeter. 

(3) Set the primary coil of the oscillation transformer at an angle of about 50? 
to the secondary. 

(4) Cut in 4 or 5 turns at the secondary winding. 

(5) Add turns at the aerial tuning inductance until the resonance indicator | 
glows brightly. | 

(6) If glow lamp becomes excessively incandescent, turn the small shunt 
switch .counter clockwise. 

(7) Continue changing the antenna inductance until the indicator shows a 
sharp maximum. | 

(8) Then draw the primary winding further away from the secondary and 
slightly retune the antenna circuit. 

(9) The set generally will be properly tuned when a slight change in coupling 
or antenna inductance causes a decrease of the antenna current. 

(10) If the coupling proves too close with the primary winding at right anais, - 
with the secondary, cut out turns in the Secondary and add turns at the 
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(9) Keep close watch on the dead-end switch spring contacts of the receiving 
tuner. Also keep metal sectors on the rubber rod and the brushes clean. 

(10) If aerial ammeter burns out, disconnect it completely from the thermo 
couple. If necessary place a shunt around the heater terminals. | 

(11) If the resistance coils in series with the solenoid windings burn out, 
substitute two 16 C. P. lamps connected in parallel. Should the plunger 
on the automatic starter. not rise when the starting switch is closed, raise 
it by hand and block it in position with a stick of wood, for temporary 
operation. At an opportune time examine the resistance coil in series 
with the solenoid winding. 

(12) Oil bearings and gear wheels of wave length and coupling adjustment 
with a few drops of thin oil. i 

(13) Іп so far as possible protect set from moisture at all times. When 
sparking takes place at the safety gap, readjust rotary gap or use less 
plates at the quenched gap. | 

(14) Do not under any circumstances exceed the power rating of the set. 

(15) For broad interfering wave use close coupling and full power input. 


Although the circuits and description of the various parts óf a complete panel 
transmitter when treated in detail may appear rather complicated to the beginner, 
he should bear in mind that these senders are entirely automatic in operation. 
In fact, during practical operation, in order to change the apparatus from a 
transmitting to а receiving position, the operator is only required to shift the 
position of the antenna changeover switch. | 

- Moreover with the panel sets, the length of the radiated wave can be instantly 
changed from one to the other of the three standard waves (300, 450 and 600 
meters) by merely throwing a switch. Эз 

One skilled in the knowledge of telegraphy could learn to manipulate a 
transmitter and receiver within а day's practice, but more detailed knowledge of 
the circuits is required on the part of the operator, in order that he may be able 
to cope with such troubles as may arise at sea. 








694 SIA ЧІ SE 421521 4222074 рәм] € 500 “СІҢ ит UMOYS 42212224 140452191 SSI) 
-24102 ргита € ‘ZOZ "Sr ш se [o1juo5 лоу seouer[dde Алеззэоэи eq Чу 4222401403 
е ЈО s}sisuod jueurdmbo әјәјішоә oy [—3ueudmb5 jo uonduoseqp ‘soz | 
| `Қәелпэоәв јо 
әәлдәр ціц е ‘SIOP I s? *SulAIS ‘5103 : 
-едтлеи Aq әѕп лој А(сорвұвцев А] с TORMOD PEA OTT 290 ANI 
-U9 ULIOJ е UI JNO pouJnj мои SI }пәш mE 
-Шпһә pue ÁKueduio) шозлеуј 991 Aq 
әреш әләм 5јџошололдиј ‘лом drys 
о} peidepe Jou sem злозиэлит 95991 
Aq peonpoud se әотләр IY} ‘лэлэмоч 
:ISO[ pue пијод "5155әІү Aq ролјоло 
&үүештётло snjeiedde oy} јо џоцејдере 
ие SI лэриц поцоәлір шоолеуј 9u T, 
"5[2и815 ydeiseajo} ѕѕәјәлм рәјиемип 
«MO (9915$, 0} ‘рәјѕәбиоо SI ÁA JEDO, иэлт8 
е ш лдошо əy} ueuA ‘лоуелэдо SUMI 
-эл э4} моде y лор “(лом әЗиел poys) 
sosodund Зитлтэээл Алешрло сор опјел 
ојцелортиоо jo пәлә sı snjeiedde sayy 
"доршу поцоәлр əy} Әшеп Aq suonejs 1193 
-ewe Зипэрлэзит ,dn-punoj, 03 po[qeuo 
9SIM93I[ әле  SJojoedsuD ^"juourul2AOr) 
«"P9suss,, “Пот 
-еоштпшшоә отрел ш әрцА sdrysojyeq 
$,Хшәпә әу} JO UOP оца ло 'ројезој | 
K[oyrugep oq Хеш uomejs ѕѕәјәлм әүцѕоц € з Jo ѕивәш Aq 'sorAeu pue зэпиле Áq 
әЗејиелре ој родојфшо од ue» рие ospe $Аем 1oujo Киеш ur o[qeor[dde 51 3р “јә 
‘SOJ se ons 'suonrpuoo 1ogjeoA jo juopuedopur uomnrsod sr usr[qejso pue suon 
-ЕЛ1Ә540 әз[еш 0} [9SS9^ Р JO лоошо IY} Sur[qeuo “пот}е8тлти 0j pre ue se рорпојш 





Аплецила зем әотләр әцү, 'uontejs Зшатојол UALS е je попе Зицзиавиел udeis 


-9[93 $5э|2им % JO поцоәлр о Sururuiojop лор snjeredde Зиглтәоәл pousisep 
K[Ieroeds е sr 42puy ио422мр 10 лојошошовотрел og[—'[e1ouar) пт 07 
'NOLLVIS OIdVY V яо NOLLOSNI([ AHL GNI от, 'ZIZ 
чнамің мотточят AHL яо NOILVAIIO AOA SNOLLOQWISNT[ лучя 
-N3r) “110 “SHLAWOINO яні NIHLIM 5нонон OLLHNOV]N яо 
NOLLOWNI([ '0IZ ‘зтутян\у аяаоо AHL NI аяопамт SI Імяя 
“IND МОН “600 ‘AALSA, Xszzüq аямот AHI, 7900 ‘ALAIA 
-W00 1I02WI) SH], 7/00 ‘этутяяу яяамту NOILLOWSI([ ян], 
79004 ‘тмяматабн яо NOLLJINOSS([ 'G0Z ‘луянмяю м] ‘+02 


NOLLVODL-IddV 
SLI АМУ SSVdINOD 5547 
HAIM YO ҸЯамія NOLLOWHIG INOOWVIN 


“THX І/ЧУА 


tox 


ў? 








256 PRACTICAL WIRELESS TELEGRAPHY.. 


206. The Direction Finder Aerials. 


--А distinctive feature of the direction 


finder equipment is the use of two closed circuit looped aerials having the form 


of an isosceles triangle as shown in Fig 





Fig. 268— The Tuned -Receiver for the Direction 


Finder. 


2/1. These aerials bisect each other at 


right angles and also hold an angle 
of 45° with the bow and stern line 
of the vessel. 

It is important that the aerials be 


placed in a somewhat clear space on the 
deck and that the two loops have identical 


dimensions. The wires should be held 


taut and firmly in place. The current col- 
lected by the aerials, from the advancing. 
electromagnetic. waves, is made to flow 


through a specially designed set of excita- 


tion coils, setting up a magnetic tield which 
acts upon a third coil known as the ex- 
ploring coil. Тһе latter coil carries а 
pointer which moves over a 360° scale and 
gives the sense of direction of any trans- 
mitting station. This portion of the ap- 
paratus is known as the goniometer, the 
windings for which are clearly shown in 


the photograph, Fig. 272. It will be re- 


-ferred to again hereafter. 


Тһе sketch, Fig. 273, is a plan view of the two triangular aerials as previously described, 
showing their relative positions to the bow and stern line of a given vessel (marked B 


and S). 


Before entering into a detailed explanation of the circuits, the diagram in lig. 274 
should have consideration. Let A and B represent two sides of a single loop of the direc- 
tion finder aerial, and the arrows, the direction of the flux in a passing wireless wave; 
then, this loop receives the maximum induction when its plane bears the position, to the 


passing wave, shown. Furthermore, a little 





study of the diagram will show that the current 


set up by this flux in side A, is in op- 
position to that set up in side В; but if 
the two sides of the loop are spaced a 
certain distance apart, the current in- 
duced in side B will attain maximum 
amplitude an instant later than in side 
A; hence, an electric current, the re- 
sult of the two E. M. Е./5 flows around 
the loop A, В. Тһе magnetic flux 
generated thereby, in the coil L, acts 
inductively upon the exploring coil L-2 
the resulting oscillations being rectified 
by the detector and associated appa- - 
ratus, and made audible in head tele- 
phones in the usual manner. ||| 

It is plainly evident that both sides 
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winding connected to the loop A, B to receive the maximum induction, and the pointer. anlk 
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The magnetic field produced by the coils L and L-1 combine and act upon the exploring 
coil L-2, the position of which will be more clearly understood from the photograph, Fig. 
272, which also shows the rectangular coils to be connected to the loops of the aerial. The ex- 
ploring coil is placed inside the antenna coils and is turned by the handle on the top of the set. 
The oscillations induced in L-2 by the oscillatory current flowing in the coils L and L-1 is 
transferred to the inductance coil of the local detector circuit L-4 by the coil L-3. 


The coil L-2, the variable condenser 
- М, and the coil L-3, constitute an inter- 
mediate circuit similar to that employed 
іп the well-known Marconi valve tuner. 
The coupling between the coils L-3 and 
L-4 is varied by a knob mounted on the 
ж) ж ete side of the tuned receiver. 


= г. | | ME The detector circuit consists of the in- 
——— Й | ductance coil (of fixed value) L-4; the 
| billi-condenser V-1 in shunt; the fixed 
condenser and the head telephones H; 
| the potentiometer P and the battery B. 
A 542 в Two detectors are employed for this set; 
one a crystal of carborundum, the other 
a crystal of cerusite; either one of which 
may be connected in the circuit as de- 
sired. When the cerusite detector is in 
use, the battery and potentiometer are cut 

out of the circuit. 


208. TheTuned Buzzer Tester.— 
ө • The direction finder equipment also in- 
cludes a tuned buzzer tester which may 
be set to radiate waves either 300 or 600 
meters in length. The buzzer box has 
four holes, one in each corner, through 
which the four leads from the two looped 
aerials pass. These holes are marked S Е 
(Starboard Forward), S А (Starboard 
Aft), P A (Port Aft) and P F (Port 
Forward). Care should be taken to bring 
the corresponding leads from the loop 
aerials through the proper: holes. The 
Fig. е Connected to a Single Loop leads for both aerials are now in inductive 
Aerial. relation to the tuned buzzer circuit; hence, 
the aerials and in fact the entire apparatus may be preadjusted to the two standard wave 
lengths, assuring that a sender transmitting on one of these waves will be heard. 

It is sufficient for the time being to say that for the practical operation of the apparatus, 
the aerial circuit, the intermediate circuit, and the local detector circuit must be accurately 
tuned to resonance and to the incoming waves. The exploring coil 1s then turned on Ц | 
axis until the maximum strength of signals is secured іп the head telephones. The por | 
attached to the coil L-2 will then lie in the direction of the transmitting station. МЕ 

We shall now explain the induction of current in the two looped aerials by an advancing 
electromagnetic wave. 








209. How Current is Induced in the Looped Aerials. —If the waves ito 
a given transmitting station, Fig. 273, advance in the general direction E, oscillating | eur: 
rents will be induced in the loop C, D, but none in loop A, B. To obtain the maximi 
induction from these oscillations, the exploring coil must, in this case, lie pal to п 
goniometer excitation winding connected to the terminals of the loop C, D. 2. 


Again, if the waves advance in the direction E-1, the induction on the loop A, Bi 15 maxi- - 
mum and on C, D nil. Hence, the exploring coil must now lie parallel to the goniometer. 





lie along the direction E-1. = 
If the waves advance in the direction E-2. both loobs are acted ubon ОСЕ у 
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correct this error which undoubtedly lies in the aerial. A slight compensation for this un- - 
symmetrical condition may be made at the variable condensers inside the box by means of 
two small adjusting screws. | | ORE 
(10) The strength of the signals in one loop should be identical with that in the other.: 
If not, a bad connection probably exists in one of the aerials, ла 


212. To Find the Directions of a Radio Station.—(1) The station whose 
direction is to be determined if not already in the act of sending, should be called and 


[ equested to send a test letter for two or three minutes, making sure to disconnect the two 
looped aerials of the direction finder by switches mounted on the top of the goniometer 
box during the sending period. 

(2) ‘When a reply is received (on the ordinary receiving equipment), the ship’s trans- 
mitter and receiver are put out of action, even to the disconnecting of the flat top aerial 
from the earth, which, if left in the circuit, will seriously affect the accuracy of the goni- 
ometer reading. ; 

.(3) Next close the two switches for the loop aerials and swing the direction finder 
handle until the maximum strength of signals is obtained in the head telephone. This should 
not be a difficult adjustment, as the apparatus has previously been adjusted to the maximum 
degree of sensitiveness and to the standard wave length adjustment by means of the test 
buzzer. The pointer will now indicate on the goniometer scale the general direction of the 
transmitting station from which signals are being received, that is to say, it shows the 
direction with respect to the bow and stern line of the vessel. 

(4) ТЕ the signals received are not sharply defined, having about equal strength over 
а considerable portion of the goniometer scale, the positions should be noted where the 
signals fall to zero (above and below maximum) and a mean of the two readings taken. 
The mean reading is obtained by the angle divider furnished with the set. | 

(5) Before transmission is again resumed, care should be taken to disconnect the two 
loop aerials from the goniometer by means of the switches previously described, and also 


to put the detector switch at zero. 


It should be understood that the direction finder only gives the sense of direc- 
tion in reference to the bow and stern line of a vessel and not the geographical 
direction of the wireless station, which, of course, must be obtained by the readings 
of the standard ship's compass. More clearly, the direction finder gives the angle 
which the advancing wave from the transmitting station makes with the center 
line of the vessel. | 

For instance, if the pointer of the direction finder indicates that the general direction 
of the transmitting station is 20? off the port bow, it does not show whether that station 
is 20? to the port bow or 20? to the starboard quarter. In the case of land stations there 
need be no doubt concerning this, as it is generally known whether the station is to the 
port or starboard side of the vessel. There can never be much doubt as to whether a ship 
is approaching or receding from a land station, for by the reverse interpretation, the land 
station would be located at sea—an obvious absurdity. 

If, in case of a heavy fog, the signals from another ship indicated that it bore a direc- 
tion over the bow and stern line of the vessel, and the signals from the ship became of 


gradually increasing intensity, it, of course, indicates that the ships are approaching each 


other, but does not show whether bow-on, or in the same general direction. A wireless 
message sent to the ship asking her course, would of course, remove all doubt and enable 
the navigator to avoid a collision. : 

Readings may be taken simultaneously of two land stations, and the position of the 
vessel located by well known navigation methods. Readings may be taken from a single 
station and the ship moved forward in a straight course to a definite distance and a second 
observation made. Тһе data obtained in this manner is sufficient to establish the position of 
the vessel. ? 

An interesting application of the direction finder is the assistance it gives in locating а 
distressed vessel in foggy weather or after darkness. After the distress signals have been. 
received, the position of the distressed vessel transmitted and certain information given to 
the relief vessel to enable the commander to know what direction he shall take, the distressed 


vessel is then asked to make the test letter “У”, or any other prearranged signal. The direc- 
ete салала сан Т e Евр ара ан на iac оп апд Ше берега direction Or the- 
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PART XIV. 


TRANSMITTERS OF UNDAMPED · 
OSCILLATIONS. 


ARC GENERATORS—RADIO-FREQUENCY ALTERNATORS— 
PLIOTRON OSCILLATOR. 


$ 


213. IN GENERAL. 214. THE Arc GENERATOR. 215. SIGNAL- 
LING WITH THE Авс TRANSMITTER. 216. THE ALEXANDERSON 
Нісн FREQUENCY ALTERNATOR. 217. Согозснмтот RADIO- 
FREQUENCY ALTERNATOR. 218. THE ]огу SySTEM FOR THE 
PROTECTION OF UNDAMPED OSCILLATIONS. 219. Мавсомг5 
SYSTEM FOR THE . PRODUCTION OF CONTINUOUS WAVES. 
220. THE PLIOTRON OSCILLATOR. 


213. In General.—Progress in the United States in the development of 
sustained oscillation generators has been particularly marked during the past few 
years. 


In fact, by the use of undamped wave apparatus the transmitting range of 


$e et - 


high-power stations has been materially increased; and in view of the wide- 


spread interest in continuous wave equipment, the fundamental circuits 
and operation of some of the more important systems will be briefly described 
and explained. 


Sustained waves are defined as the waves radiated from a conductor in which alternating 
current flows. The terms “undamped,;’ “sustained” and "continuous" are often employéd 
synonymously and are presumed to indicate oscillations of continuous amplitude and constant 
formation in contrast to “discontinuous” oscillations which occur in groups of 200 to 1,000 per 
second, and are obtained by the recurring charge and discharge of a condenser across a 
spark gap. А slight distinction in the use of these terms should be made, as electrical 
oscillations may be continuous in the sense that they are not broken up into distinct groups 
but the successive cycles may vary in amplitude, an example being the type of oscillations 
generated by the arc. ох 


Continuous waves are set into motion by: 


(1) The radio-frequency alternator such as the Alexanderson and Goldschmidt 
types. 
(2) The Poulsen or Duddell arc generator. 


(3) A battery of vacuum valve tubes, such as the General Electric Pliotron oscil- _ 


lators. 


At the writing of this volume, marine wireless telegraph sets are fitted with discontinuous 
wave transmitters, almost exclusively, but high power stations employ either continuous or 
discontinuous wave apparatus. One reason why continuous wave transmitters have not been 
universally adopted for ship service is accounted for by the fact that the apparatus for the 
production of continuous oscillations (or waves) generally involves mechanical and electrical 
problems difficult to surmount or else the apparatus is too intricate or cumbersome to be 
installated aboard ship. It is therefore safe to predict that discontinuous wave apparatus will 
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266 PRACTICAL WIRELESS TELEGRAPHY. 


rially and due to the inertia of the oscillation circuit, the condenser will continue to discharge 
in the opposite direction, or, in other words, an alternating current will flow through the 
oscillation circuit. Due to the fact that direct current is constantly supplied to the arc and 
condenser, this process of charge and discharge continues so long as the arc is in operation, 
and the resultant frequency of oscillation is approximately that due to the inductance, 
capacity, апа resistance of the condenser circuit. Тһе oscillations flowing in this circuit 
are transferred to the aerial wires from which part of their energy is radiated in the 
form of continuous waves. 


It is found that enclosing the arc gap in an airtight chamber and feeding it with hydrogen 
gas, alcoholic vapors or even steam tends to increase the potential difference as well as to 
prevent the arc blowing out. It has been determined further that powerful electromagnets 
mounted at a right angle to the arc, tend to increase the potential difference and, at the 
same time, cause the arc electrodes to. burn more evenly. For continuous operation, and 
to prevent overheating, the containing chamber and the arc electrodes must be cooled by 
water circulation. | | 


In the latest naval installations, the arc gap is connected. directly їп series 
with the antenna circuit as shown in Fig. 279, which 15 a duplicate of the con- 
nections of the U. S. Naval Station at Radio, Va., and other naval stations. It 

is claimed that con- 
110 VOLTS necting the arc in this 
\ o at way has increased the 
| range of such trans- 
mitters to a remark- 
KEY able degree, and that 
the operation of the 
system as a whole has 

been simplified. 


Referring to the dia- 
gram (Fig. 279): The 





SS 
Б 
“ҸҸ 


SS 


7 Ж choking inductances аге 
Й indicated at C-1 and С-2; 
: ИМ the regulating resistance 


| for the arc shown at R 
B: | is connected іп series 
with the blow-out mag- 
nets placed at right angles 
to the arc. A source of 
direct current of 500 
volts is connected to the 


| arc gap, the plus pole of 

which is constructed of 

| 3 copper, the minus pole of 
TOOTHED 4 oe В 
n arc transmitter o 

ROTOR this type is adjusted for 
ЛЕ operation as follows: 

=f === The arc is struck at low 


á =j} voltage by connecting 
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Fig. 280—Details and Connections of the Alexanderson Radio Frequency апше indicates 2 
Alternator maximum reading. It is 


$ у | noted that а critical 

length of arc gap gives the maximum value of antenna current and this is the adjustment 
always to be aimed for. 

The condenser shunted across the arc (Fig. 279) acts as a by-pass for the radio-frequent 


слететіс flawing in the antenna пел 





I 
LÁ 


large values of resist- 
ance in the circuit at R. 
The gap 15 then length- 
ened out and the voltage 
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2/0 PRACTICAL WIRELESS TELEGRAPHY. 


For the transmission of speech, a microphone transmitter may be connected in the circuit 


of B and wireless telephony carried on at large powers. 


A photograph of a 75 K. W. high frequency alternator of the Alexanderson type appears 
in Fig. 282. So far, alternators of this capacity have been used for laboratory experiments 
only, but there is no reason to believe that they will not prove a commercial success, at least 
at high power land stations. Ў 

Radio-frequency alternators for the production of lower frequencies, in the region of 


30,000 cycles per second, are less difficult to construct than the type just described, on ac- 
| | count of the reduced 


peripheral speed of the 
armature. Ап аКегпа- 
tor, for example, gen- 
erating current at a fre- 
quency -of 30,000 cycles 
per second would excite 
an aerial having a natur- 
al wave length of 10,000 
. meters and provided the 
proper output could be 
obtained would be of 
great use for land station 
work, but an alternator 
having a normal speed of 
20,000 revolutions рег 
minute obviously is not 
practical for continuous 
service at either ship or 
shore stations where a 
2  twenty-four-hour  oper- 
i r. ating schedule is in ef- 
NS E fect. It is just, however, 
N - to state that high speed 
/ 0 | МАХ | | alternators such as the 
| | | Alexanderson type аге 
ТП monuments of engineer- 
. ing skill, and many me- 
—= chanical and electrical 
ТАТА! = problems, heretofore 
R considered impossible of 
Fig. 283—Complete Circuit of the Goldschmidt Alternator. solution, have been cont- 
pletely solved. | 


217. Goldschmidt Radio-frequency Alternator.—By adopting the simple 
principles of electrical resonance, Dr. Goldschmidt has designed an alternator 
which, by the use of a single armature, generates radio current at frequencies 
from 30,000 to 75,000 cycles per second. Тһе great advantage of this alternator 





П =60,000~ 
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| ` | HAAA AAA 
РГГУ 
: CFU? YW ЛА V МА У 
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is the low speed of the armature, which, even in the 200 К. W. sizes, does not 


exceed 3,100 R. P. M. | 


It will be observed from diagram, Fig. 280, that in addition to the stator and 
rotor windings of the usual alternator, a number of external inductance coils 
lic 


n : 


а 





and condensers are connected in both the shunt and rotor circuits, w. 
employed for tuning these circuits to several frequencies. In fact, by: се 


proportioning the inductance and capacity, current at a frequency 0 “6 
cycles per second can be taken from the field winding, and if made to-floy 





properly tuned antenna circuit will radiate waves, 5,000 meters in lerig | 
In the diagram, Fig. 283, the field windings of the alternator are represented at H (gen- 

erally referred to as the stator) and the armature winding at А known as the rotor. 

armature inductance A and the condenser C-4 are shunted by the inductance 1-3 and the 














Anndencser C-5 Similarly. L-3 and C-4 are shunted by condenser C-3. The values of C-4, 
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or 3N and N). The current of 45,000 cycles flows through the condenser C-3, but the 
current of 15,000 cycles can, by proper design of the circuits, be made to nearly neutralize 
the former current of 15,000 cycles in the rotor. There remains, therefore, in the rotor, an 
E. M. F. at a frequency of 45,000 cycles per second which flows through the condenser C-3, 
and due to a well-defined resonant adjustment, a powerful current flows. | 
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Fig. 284—The Joly-Arco Undamped Wave Transmitter. 


The current of 45,000 cycles flowing in the rotor, will induce in the winding of the stator 


current at 30,000 cycles per second and 60,000 cycles: (3N — М and 3N + М or 2N and АМ) 


This current of 30,000 cycles nearly neutralizes the former current of 30,000 cycles, leavin; 


in the circuits of the stator, current at a frequency of 60,000 cycles, to which the antenna 1 

carefully tuned. Because the impedance of L-2, C-2, is considerably greater than that o 

the antenna, the current of 4N oscillates in the antenna circuit. | 
Signalling is accomplished in the Goldschmidt system by placing a key in the exciter cir 


cuits, the circuit being alternately opened 
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quency of the alternator may remain constant; in consequence, the speed of the 
driving motor must be carefully governed and to this end several devices have 
been brought forth, the principal one being a signalling key fitted with a special 
set of contacts which, just previous to the closing of the key, add resistance in 
the motor field circuit, maintaining a practically uniform speed of rotation. 





Fig. 285—Marconi’s Method of Generating Continuous Oscillations. 


Signalling is accomplished, in the Joly system, by inserting a key in series with the direct 
current excitation winding, or by interrupting the generator circuit to the primary winding 
of the transformers by a special electromagnetic key, or by cutting in and out a few turns 
of the aerial tuning inductance. The first-named method is «ћезене in use at present. The 
alternator at the Sayville station has a capacity of.100 kilowatts and gives antenna current 
of about 140 amperes. Fair communication is effected with the station at Nauen, Germany, : 
throughout the 24 hours of the day, but the best results have been obtained during the dark 
hours. At present the Sayville station operates at the wave length of 9,400 meters, the 


antenna frequency being slightly above 30,000 cycles per second. 


219. Marconi’s System for the Production of Continuous Waves.—Signor 
| Marconi апа his engineering staff have developed an ex-. 
ceedingly novel method for generating continuous oscilla- 
tions, doing away with many of the problems encountered 
in the construction of intricate high frequency alternators. 
"The fundamental principle upon which the system is based is 
disclosed in the diagram, Fig. 285, wherein a nümber of disc dis- 
chargers, D-1, D-2, D-3, D-4, are mounted on а common shaft, 
each of which is connected to an oscillation circuit, such as P-1 
and C-1, P-2 and C-2, etc. Тһе main condensers, С-1, C-2, C-3, 
C-4, are charged by a source of high potential direct current, indi- 
cated at G, consisting of two 5,000 volt generators connected in- 
series. The disc dischargers, D-1, D-2, etc., are set on the shaft SO: 
that the condensers discharge and recharge at regular intervals in. 
succession, and if the velocity of the discs is adjusted so that the 
interval between the beginning of the discharge of one condenscr 
and the beginning of the discharge of the next condensér is equal 
to the period of the oscillations in the antenna circuit, or an exact 
multiple thereof, the oscillations flowing in the antenna circuit will 
overlap, producing continuous oscillations of practically constant 





Fig. 286—Showing How 5 ER S 5 
отв of ЕАР Oscil. amplitude, as shown іп Fig. 286. 


lations Can Be Made to To insure that each condenser discharges at the right moment, 
Overlap One Another. P QE EDS у 2 АСЕ а 

| . . and that the successive groups of oscillations induced in the antenna 
circuit are in phase, the discharge circuit is provided with an auxiliary timing rotary disc 
discharger, known as the trigger or timing disc (not shown in the drawing), which performs 


the function of setting off the main spark discharge at the proper time. 
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the vacuum valve as an oscillator at radio-frequencies to produce the “heterodyne” eff ect. 
This, combined with the well-known relaying action of the vacuum valve and its ability to 
repeat currents of radio-frequency, makes a receiver of unusual sensitiveness. 


222. The Tikker.—In its commercial form the tikker consists of a com- 


mutator interrupter, the principal of which is shown in Fig. 289. 

A disc D mounted on the shaft of the motor M has a number of teeth filled in between 
with insulating material such as fibre. The radio-frequent currents flow from brush B to A 
through the disc which interrupts them from 300 to 1,000 times per second. The charge built 
up in the condenser, C-1, by resonance with the aerial system discharges into the telephone 
condenser, C-2 (Fig. 289), at regular intervals. Condenser C-2, in turn, discharges through 
the head telephone creating a single sound for the charge accumulated. Due to the fact 
that the tikker discharges C-1 at various potentials, or we might say, at different points on 
the cycle of the incoming oscillations, a non-uniform note is produced lacking the desired 
musical pitch for reading through atmospheric electricity. However, the tikker suffices as a 
simple receiver and good results have been obtained by its use at several ship and shore 
stations. Dn | : 

A favored form of circuit interrupter for the reception of undamped oscillations is the 
sliding wire or slipping contact detector, shown in Fig. 290. In the diagram а small brass 
wheel, W, mounted on the shaft of the motos, М, is in contact with the brush B. The 
terminals of the slipping contact, B, are connected in the circuit of the tuner as the tikker, 

> ^D, of Fig. 289. The cir- 

B TIT cut is completed 
through the brush, B-1, 
incontact with the wheel 
W. When the wheel 15 
in rotation, there is a 
constant slipping and 
5 gripping of the brush В 
M — SÉ ||| М р’ | B on the wheel which 
А УХ | || makes a contact of vari- 
able resistance, causing 
the charge accumulated 
in the telephone con- 
denser to vary in ac- 
cordance. Тһе note in 
gm : the telephone will have 
1 TO TUNER $ а pitch in accordance. 
ј ae ! 3 А Both the tikker and 


Oscillations. 8 
7 i З | - : < tectors are considered 
as "current operated" devices, meaning that they function best in a tuning circuit which 


affords a maximum of current rather than a high voltage. Тһе coils of the tuner for these 
oscillation detectors are wound with Litzendraht wire or conductors of equal high frequency 
conductivity. | 

These detectors are applicable to the reception of damped oscillations or discontinuous 
waves, but, owing to the discontinuity of the wave trains, an irregular note, much similar 
to the discharges produced by atmospheric electricity, is obtained. - | 





‚ 223. The Heterodyne System.—The functioning of the heterodyne* re- 
ceiver is based upon the interaction of alternating currents of two frequencies in 
some part of the receiver circuits. 


For example, if an alternating current of 50,000 cycles per second flows through a given 
circuit, and there is superposed on it another current having frequency of 49,000 cycles рег 
second, a “beat” current will result having a frequency equal to the numerical difference 
of the two applied frequencies or 1,000 cycles per second. Тһе same frequency would be 
obtained by superposing a current of 51,000 cycles upon another current of 50,000 cycles; in 
fact, in any case, the frequency of the beat current could be the difference of the two 
applied frequencies. | | | 3 

By adoption ef this principle we are afforded ready means for making audible undamped 
oscillations from a given transmitter at the receiver. One method is shown in Fig. 291, 
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280 . PRACTICAL WIRELESS TELEGRAPHY. 


imum value when they assist or are in phase, and the frequency of the beat current is the 


numerical difference of the frequency of the incoming oscillations and that of the. local 
generator. | 9 2 

When rectified by the crystal, the successive cycles of the beat current take the form of 
the curve O-4, where the negative halves have been cut off and the positive halves remain, 
for operation of the telephone, as shown by the curves of line О-5. 


224. Тһе Vacuum Valve as a Source of Radio-Frequency Oscillations. 
—If a three element vacuum valve is connected up as in Fig. 293 with the correct values of 
inductance for the coils L-4, L-5, L-6 and L-7, and for the condensers, C-3, С-4 and С-5, 
oscillations of radio-frequency flow through L-4, the регіойісйу of which may be varied 
principally by C-3 and C-5. Connected in this manner, the vacuum valve becomes a gen- 
erator of sustained oscillations which may interact with the incoming oscillations for the 
production of "beat" currents. For the maximum strength of signals, the coil L-4 bears a 

| certain critical coupling 
to L-3, and the coupling 
between L-5 and L-6, 
also requires care- 
ful adjustment for steadi- 
ness and constancy. 


The “beat” current set 
up in the receiver wind- 
ings L-2 and condenser 
C-2 is rectifed by the 
crystal rectifer D, and 
made audible in the head 
telephone P. _ 


Increased strength of 
signal is obtained by the 
use of a single three ele- 
ment vacuum valve or a 
triple valve amplifier in 
place of the crystal recti- 
fier D. 


Since the reception of 
very long wave lengths 
is involved in а system of 
this type, the inductances 
L-7 and L-8 are of the 
order of 90,000 micro- 
henries each. It has been 
found possible to: design 
a beat receiver tuner hav- 
ing fixed values of in- 
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RECEIVER CIRCUIT 


с s HERE EX ILE 6  - ductance throughout, the 

VACUUM VALVE. GENERATOR required changes in fre- 

: quency for “heterodyn- 

Fig. 293—The Vacuum Valve Heterodyne Receiver. ing" being obtained by 


variable condensers. 


225. Vacuum Valve as a Combined Detector, Amplifier and Beat Receiver. 
—Much of the record-breaking, long distance transmission effected, of late, is due to the 
vacuum valve being employed as a combined detector and "beat" receiver. Опе circuit of 
this type is shown іп Fig. 294, wherein it will be observed that the secondary circuit, L-4, 


 L-3, C-2 and L-5, can be placed in resonance with the tertiary circuit, L-6, L-7 and C-4, 


and when the filament is brought to the correct degree of incandescence by the rheostat R, 


the discharge of condenser C-4 through L-7 and L-6 starts the flow of undamped oscilla- 
tions which are transferred to the secondary circuit through L-5 and L-6. 


Due to the relaying action of the valve, the oscillations are repeated back to the grid 
(of the valve) through L-5 and L-6 and accordingly amplified. | | 
Now if the antenna circuit, L-1, L-8 and L-2, is adjusted to the frequency of the incom- 
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282 PRACTICAL WIRELESS TELEGRAPHY. 


frequency. It affords a close adjustment of inductance between the taps of the multi-point 
switch, and also permits variation of the frequency of the beat current. 


It facilitates the preliminary adjustment of this receiver if access can be obtained to an 
accurate wave-meter. The wave-meter, shunted by a buzzer excitation circuit, is placed in 
inductive relation to the earth lead of the antenna system, and the signals at any particular 
wave length of the wave-meter are récorded on the receiving apparatus. In this manner a 
precalibration is effected, eliminating allguesswork. It is not difficult, however, to tune the 
apparatus to an undamped transmitter without a wave-meter, if certain precautions are 
observed. To begin with, the coil L-5 is placed in slight inductive relation to L-6. L-4 is 
placed about half way inside L-2 and the coil L-7, generally, is used at its maximum value. 
Тһе condenser, C-3, is used at an exceedingly small value of capacity (very near to zero). 
The condensers, C-2 and C-4, are varied simultaneously in capacity until a peculiar "thump- 
ing" sound is heard in the head telephone. Near to this point the secondary and local 
telephone circuit are in oscillation and in resonance. 


It is found that the vacuum valve having less than the maximum amount of exhaustion, 
oscillates far below the characteristic “blue glow" point. On the other hand, this glow is not 
evident, in the highly exhausted valves, regardless of the locally applied voltage. The 
correct adjustments throughout, in this type, are determined by experiment. 


We may resume the complete process of tuning a receiving set of this type as follows: 
The antenna system is tuned to resonance with the incoming wave, but the secondary and 
tertiary circuits are set into oscillation at a slightly different frequency. Due to the inter- 
action of the two currents, “beat currents" within the limits of audibility are produced and 


by variation of the local frequency, the pitch of the note in the head telephone may be varied 


over a considerable range. In manipulating this apparatus it is shown, during the reception 
of undamped oscillations, that proper adjustment has been attained when, if the variable 
elements (the coils and condensers) of either of the associated circuits of the complete 
tuner are altered in value, the pitch of the note changes accordingly. During the initial 
adjustment, and afterward the body of the manipulator must be kept at.a considerable 
distance from the high potential ends of the tuning coils, otherwise the circuits will be 
thrown out of resonance and the signals will disappear. | 

22 With the apparatus of the foregoing type, signals have been received in New York City 
from a certain transmitting station at Honolulu at a distance of approximately 6,500 miles. 


Dimensions óf a receiving set of this type, adjustable to wave lengths up to 10,000 meters, 
which has been tried and tested experimentally, follow: 

Referring to the diagram, Fig. 294, the high voltage battery, B-2, consists of from 50 to 
100 miniature flashlight cells adjustable in steps of three at a time or preferably singly. The 
filament battery B-1 generally does not exceed four volts, although valves have been con- 
structed having 12 volt filaments. The rheostat R has resistance varying from 10 to 20 
ohms. It is essential that it be closely adjustable.. 

Тһе inductance coil of the local telephone circuit, L-7, is 26 inches in length and 57 
inches in diameter, wound closely with No. 28 S. S. C. wire. The coil, L-6, is 6 inches in 
diameter by 6 inches in length, wound closely with No. 26 S. S. €, wire. The coil, L-5, is also 
6 inches in length by 5% inches in diameter and mounted so it can be placed in variable induc- 
tive relation with L-6. It is rarely necessary to place L-5 completely inside of L-6, but the 
coupler should be constructed to permit the coupling between the two coils to be adjusted 
over а fair range. The coil, L-5, is also wound with No. 26 S. S. С; wire. 

The secondary winding of the receiving tuner, L-4, is 5 inches in diameter by 14 inches 
in length, covered with No. 28 S. S. C. wire. The secondary loading coil, L-3, has similar 
dimensions to the coil L-7, each of which may be wound on a cardboard form or hard 
rubber tube. | 

Тһе secondary condenser, C-2, has maximum capacity of 0005 microfarads and preferably 
is constructed so that the zero position on the condenser scale actually represents zero 


capacity. Тһе grid condenser, C-3, has the same capacity as the condenser, C-2. Both 


condensers should be fitted with handles at least 12 inches in length, in order that the 


.constants of the circuit are not changed by the body of the manipulator. The condenser, 


C-4, should have а maximum capacity of .002 microfarads. 
Тһе primary winding, L-2, is 5% inches in diameter by 12 inches in length, covered with 


No. 24 S. S. C. wire. It is somewhat difficult to give complete dimensions for the aerial 


tuning inductance, L-1, unless the inductance and.the capacity of the antenna with which 
ша 1e £A he amniaved is known. but for receiving work with an aerial having a natural period 
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The tone wheel is frequently termed a frequency transformer because it converts me- 
chanically the oscillations of radio-frequency into current of audio-frequency. It is superior 
to the ordinary tikker, first, because it produces a musical pitch so highly desirable for 
aurul reception, and, second, it converts more energy of the incoming oscillations into useful 


sound than does the tikker. | 
A photograph of the Goldschmidt tone wheel appears in Fig. 299. Тһе commutator disc 


of this detector is driven at speeds approximating 4,000 revolutions per minute. 





Fig. 299—The Tone Wheel Installed at the Tuckerton Station. 


228. Marconi System for Reception of Undamped Oscillations.—The 


diagram of connections, Fig. 300, covers the systems for the reception of un- 
damped oscillations, developed by Signor Marconi and H. J. Round. 


ЇЇ vem 


Crysfal 2 





Telephone 


Fig. 300—Marconi’s System for the Reception of Undamped Oscillations. 


The circuit in general contains the fundamentals of the Marconi balanced crystal re- 
ceiver, and, as explained in а previous paragraph, if crystal No. 1 and crystal No. 2 are 


adjusted independently to the maximum degree of sensitiveness, they will produce practically 
tee [aio t 34 sala ep D opem o eu a goaa d тата алсан Ета the head telephone № 
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ing operator to break in on the sending operator, asking for the repetition of a word, 
а letter or a sentence if necessary. 

Now that the general plan of the Duplex System has been explained, the reader should 
refer to the diagram, Fig. 301, showing in а more detailed manner the operation of the 
Duplex System in a specific instance, viz, as employed on the Glace Bay-Clifden route. 

The 150 К. W. transmitter at Glace Bay, Nova Scotia, connected to aerial A, B, is 
designated as station No. 1. Operated at the wave length of 8,000 meters, this station 
transmits to Letterfrack, Ireland, direct, designated as station No. 2. 

"The transmitter at Clifden, station No. 4, transmits to Louisburg station No. 3 at the 
wave length of 5,500 meters. 
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Fig. 301—Marconi’s Duplex High Power "Transmitter Scheme With Balancing Out. Aerials. ` 


Stations No. 1 and No. 3 are connected by wire line, similarly, stations No. 2 and No. / 
"The sending operator for station No. 1 is located at station No. 3, the transmitter at No. 
being actuated by a manually operated key or automatic sender, the circuit of which ex 
tends over the wire line connecting the two stations. (МЕ cpu 

Similar arrangements are in use on the opposite side of the Atlantic, the transmitte 
at Clifden, Ireland, being controlled by an operator stationed at Letterfrack. Both th 
transmitting and the receiving operators may thus work side by side, traffic being dis 
patched freely in both directions. But to positively insure against interruptions of. servic 
the transmitting stations are equipped with receiving sets, to be employed in event of 
breakdown at the regularly appointed receiving stations.* P 





XTha canera] scheme and mode of operation of the high power stations herein described -is th: 
nig ns пе! 


тасаға ГД К» ee 80 Ie v 





Xxrpusddy ү йбоңдаё 33g, 


“сү ‘Я ѕәроцәәјә рэхц əy} 0} A[eso[o ssed YDIYM рие поәләвҙ рәҙипош sopoj29[o | 
BSuryieds YUM “әјәштеүр ит ҙәәр үеләләѕ 251р [991s э8лер е JO 5515009 лә8тецәовтр SYL 
"42540251р 251p 
pappnjs $10240 И pue и UOHe[[I»so [ensn әз 43104143 родлецозтр st с-2 лэзиэрио» 
оф ul dn pesoys А8ләпә әш ‘ZOE “SLI ‘Weiselp [ejueurepunj оф) шолр Uses 9q'[[IA Sy 
`Кләзуеф әцҙ JO $]еииилэ} әцҙ 0j пәцҙ рие $э1лэ$ ит pojoeuuoo 'uomnonijsuOS [eroods 
Аләл jo ‘(ZOE ‘811 ‘O ‘Я у) s1o1e1eus3 3[OA-000'G 2914} Aq рэзлецо эле UIN} ur 594944 
WIT, ‘591195 ит po3oouuoo 51122 28104015 0009-40 (421100 € зем YAUM JO INOS IY} полио. 
пат SHOA 000I £q рә8тецә әләм ѕләѕиәриоә əy} 'suone[[ejsur 5потлола oj Ателпогу 
‘asn ur SI93JIUISUEJ] ЭЦ] K][eyusurepung 9qrs 
-әр 0} 35әләјш 10 әд Хеш у 'sjurod om} әзәцу je рошлојлод »1oA Jjoouoid əy} јо 
Мо и] "uoneorunuiuroo oouejsrp-Suo[ ш елә Mou L dn pəuədo suonejs 1oMod usn 
пәри) pue keg оовјо) оца јо џоцелодо [hISsooons juonbasqns oy} рие иоцеЦеззит 
oy} Jey} рэзеиизат Арволје әлец әм--виопвус чэрио-Аеяч ээвр “262 
'S9[ru 0] 10 9 uey} әлош ou pojeredos цЗпоцзүе ‘19410 YILI чим Surrop193ur шоп долтодол pue 
-jonmusuei[ 30 ; IOJPWSULI} ƏY} SunuosA9SJd әм JIOM о}. 
әй, Кей әоеру әш Jo imoir) |езиэшерипя—20$ ‘14 PUNO} uəəq sey шә3545 510} 'оопоела up -ҙ 
Uu 14 ту шол әрцм әп Пе рәлтәәәі Sunq 
=. МЕЗЕТІ ѕүеи8іѕ ‘mo pooue[eq sny} s[euSrs Зшләј 
2510 -19juI 993 pue 'oseud ит э3150440 jysno1q 
од 0} (цәеә ur әлем i19j2ur-Q00'8 әці 44. 
рээприг) ѕиоцероѕо əy} sjnuiod јџәшәлә 
-әр рие suljdnod jo juosunsnípe лодола 
а ‘D 03 рәјәииоә i1ounj оу] јо Алер 
-uooss əy} 03 pesoddo Арәлцопри ушәлә 
54 pue вә әш (008 0} peunj st ‘Я ^q 
Тетлэе Supue[eq 291 14 ‘ry шолп 5лојош 
0066 JO Ч33иэ] әлем Əy} је s[euSIis JO uon 
-Чәзә1 Əy} оў әәзпәләрлә}ит әѕпеә /дәләц} 
рие ‘g “у шол әлем ләҙәш (0003 991 Ад 
а ‘D ur peonpur eq ѕиоцеоѕо И ‘Я 
Uu C 11 “у шол потопрш штштиш əy} pue 44 
тү шолр uononpur шпиихеш əy} ѕәлтәо 
-31 44 ‘т Гемов Surpue[eq 'Ap[rejgrurgo 
"Я у шол шпцтиш oy} pue “а ^y шов 
uononpur шпипхеш Əy} $әлтәдәт “т J 
59 12 Jenae 8шоцејед oy} pue ‘g ‘у [erroe шолу 
| s[peusis jo uondooa1 əy} тор рәѕойѕтр Ајде 
| г ШШШ | -лоле} SI ‘© “ON поце}$ је ‘әоиејѕш IOF 
| | | ға ‘D [eee ‘10$ ‘ЗЫ шелвеђр əy} ug 
25 
5—61 B t 3 | x Јодјишешелу JULISIP тер ou] 
| IN WOJ} 9AI9291 03 Әәл} [tLI9? ләлтәдәл шеш 
9 eg? 8шлеәІ no разиррд KÁ]|eonsuSeul 
Qe у -олоәүә SI әлем 8шләўләўит ƏY} Aq poonpur 
Адлопо dy} ‘5}иэллио jo џопејол әѕеці pue Sur[dnoo jo 3usunsnípe лэдол4 Aq uou], "“Әшршм 
ALEPUODIS JY} Je үеләв ошатооол шеш JYJ ш рээприг $%0145]]1250 2142/42141 201 01 pasog 
-do &j2nuonpui рир 200m, Зима)лауиз 241 01 ргит 51 [elise Зшоцејед oy} o Wmm aur, 
'Jejjusuei) ju?jsIp тер Əy} шолу 40372npui шпиииии әц} 
рие 1ә31шѕие1} Aqivau әцу шолу 4012npu шпилхош IYJ олтодол оў SE Кем е YONS ur [erio? 
SUIAI9091 шеш әц} 0} әјдие HSN o е зе po3e»o[ АДелэцэ8 эле s[enro? Sulpoue[eq 25991, 
"Атолпоод5ол P 'ON pu? © ‘ON suon?js 3? т т pu? ‘ 4 ‘sjene ymo 
Suioue[eq 943 JO о5п ә” лоу JOU 3I элэм Әопәтәрәнп JO јипоше prens ou dn 8013395 ‘© “ом 
je үеттәе SULI оу] ш $04250 зопрш рјпом p ‘ON иоцејѕ опџеш әшев 3y} UT 
'5лојош (0066 JO чузпәү әлем ƏY} оў pojsnípe sı лојјеј 
оцу ueuA “с “ON чоцеј5 ‘q ^) Чемәв FUO Əy} ur Аопопболј имо $31 JO suomnej[nso ээприт 
03 30е 51 әлем ләјәш (009 24} 10 АЗлоџо out 10 euros “Ајолцоодвол Ѕләјәш ()06с pu? 5лојош 
0008 JO 5Ч330ә] әлем је ојелодо ‘TOS “SLT p ‘ом pu? | ‘ON Suonejs зинзиязиелз y3noy} 
-je 32у pu?jsriepun 03 [әм әд тим M тело эпо 8шоивјед AL ISZ 


РУ) 





Rum 
БН 
JEEN 
Е fI 


EE lL II aa 
ЧЕРНІ, 
КЕГІ 
сып 
БҮЙІ 


ЕНЕСІ 1j 


са . 
| О 
| 
(94 


"о 
о 
= 


тире рт 


| 








162 'АНЧ4УЧОЯПЯТ, ОТАУЯ DINVADOSNVUL INOOMVIN 











292 | PRACTICAL WIRELESS TELEGRAPHY. 


. The electrodes B, B, in reality revolve slowly, and therefore present constantly cooled 
surfaces to the path of the spark discharge. Protective chokes C-1 and C-2 protect the 
generator from the discharge of the condenser. | | 

The principal advantage of the disc discharger is the quenching effect obtained when the 
disc is driven at а certain velocity. This prevents the re-transference of energy to the 
spark gap circuit, and in consequence, the antenna oscillations have a decrement as low as 
03 per complete cycle. In addition a spark or group note of distinct musical pitch is obtained 
which has been found extremely desirable for aural reception through atmospheric electricity. 

The high potential condensers at both of these stations are of unusual construction and 
dimensions. Consisting of a number of large steel plates suspended from the ceiling on 
special insulators, they are separated sufficiently to prevent the spark discharging between 
plates, and the required capacity is found in connecting a large number- of such plates in 
parallel. | | | 

Beyond the size of this condenser, Ме oscillation. transformer comes in for attention, 
principally because of its dimensions. Тһе primary winding has but two turns, consisting 
of a specially constructed cable, one foot in diameter. Owing to the large amounts of 
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derived in interrupting of the high voltage current, lies in that it permits 300 K. W. to b 
handled at various speeds of transmission up to 100 words per minute without error. 

A more detailed description of certain apparatus-of the circuits of radio frequency fo 
the New Brunswick station and others with like equipment (damped wave apparatus) wi 
be given in paragraph 236. 





Fig. 303—Power House of the Trans-Atlantic Marconi Station at Carnarvon, Wales. 


Тһе transmitting aerial at the New Brunswick station is of the inverted L type, consist 
ing of 32 wires with a flat top approximately 5,000 feet in length. It is supported on tw 
rows of steel tubular masts (6 masts in each row), which are approximately 400 feet 1 
height. The two rows of masts are separated about 250 feet. 

The receiving aerial at Belmar is 6,000 feet in length, consisting of 2 wires supporter 
on six tubular masts, each 400 feet in height. | EU 
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disc discharger when it is disconnected from the main generator for as-synchronous working. 


Photograph, Fig. 307, gives a view of the high voltage transformers and primary induc- 
tances. АП the current from the generators passes through the transformers, where it is 
stepped up to a voltage 
sufficient to charge the 
condensers. Тһе low 
frequency. inductances 
shown to the right of the 
drawing permit a large 
range of adjustment in 
the primary power cir- 
cuits, thereby permitting 
the radiated energy to be 
controlled in accordance 
with the. requirements. 
Fig. 308 shows the 
switchboard at the New 
Brunswick, New Jersey, 
station. This board con- 
trols the generator cir- 
cuits, blower machinery 
- and all controlling appli- 
ances within the station 
Тһе receiving station 

at Belmar, New. Jersey 


is completely equipped with a М arconi balanced. crystal receiving set, Brown amplifying relays 


Fig. 306—Special Signalling Generators at Carnarvon Station. 


а balancing out aerial for eliminating interference, dictaphone receivers, and а set o 


telegraphic instruments for connection with the land line telegraph and telephone companies 
These transmitting and receiving stations not only have the necessary buildings for the hous 
ing of the apparatus, but hotels and individual dwellings are supplied for the employees а: 
well. | 


E 


CIRCUIT NO. 3. 5 
Stations бер 


Stations sep- Marion, Mass..transmits to.....Naerboe, Norway, _ | 
arated about Chatham, Mass..receives from. .Stavanger,* Norway arated abou 
30 miles. vu a i Бет» y. 30 miles. 


^ At the writing of this volume, this group of stations аге under construction and ver: 
nearly completed. They will be used for 24-hour commercial working and will permit com 


munication with Northern European countries, independent of all existing routes, obviatins 
the necessity for a number of intermediate relay points. Қ + 
Тһе transmitter at Marion will be а 150 К. W. Marconi timed-spark continuous wav 
generator, energized by a 300 K. W. 5,000 volt D. C. generator. The transmitter at Stavange 
will be substantially a duplicate, with ultimate capacity of 300 К. W. Since they have beet 
found the most economical and practical for the purpose, the aerials at these stations ar 
supported by tubular steel masts. As usual, the stations are constructed for Duplex working 
Marion and Chatham as well as Stavanger and  Naerboe stations, being con 
nected together by land line control. These stations will be placed іт commercial operatio: 


within a very short time. | 
| CIRCUIT NO. 4. 


Bolinas,  Calif...transmits | to...Koko Head, 
Hawaiian Islands, : 
Marshalls, Calif....receives from...Kahuku, На- 

walian Islands. s 


CIRCUIT NO. 5. 


Stations sep- Kaniki Чааны Islands.. „transmits to...Funa- 
ted about 4 | аз; Japan, | ; 
‚га miles Koko Head, Hawaiian Islands...receives from... 
3 Funabashi, Japan. | 


Stations sep 
arated abou 
25 miles. 


Stations sep- 
arated about 
_ 40 miles. 
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complete lay-out of the receiving station at Koko Head appears: showing the relative posi- 
tions of the balancing out aerial, the location of buildings, etc. It is to be noted that the 
balancing out aerial is 5,700 feet in length, and is arranged to be favorable for the absorp- 
tion of energy from the two transmitting stations at Kahuku. | 

Because it is duplexed for the simultaneous transmission of messages to Japan and the 
United States, especial interest attaches to the Marconi station at Kahuku, Island of Oahu, 
Hawaiian Islands. Not only is this station fitted with two 300 kilowatt transmitting sets but 
a third emergency set has been installed as well, which in event of breakdown can be con- 
nected either to the Japan or the United States aerial. 

The general layout of the antenna and buildings at Kahuku is shown in the diagram, 
Fig. 310, wherein it will be noted that the free end of these aerials point in a direction 
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Fig. 309—Plan and General Layout of the Receiving Aerials at Koko Head, Hawaiian Islands. 


favorable for the particular continent with which communication is to be established, being 
designated as the "Japan" aerial and the “бап Francisco" aerial. 

From the power house as a center, the California transmitting aerial extends southwest- 
ward, supported by twelve masts, 325 feet in height; the Japan aerial extends to the south- 
east, supported by fourteen masts, 475 feet in height. These masts are the largest that have 
been yet constructed on the Marconi system of sectional cylinders. The power house con- 
sists of boiler room, engine room and condenser room. Тһе boilers are oil-fired and will- 
feed three 500 H. P. turbines, which drive the special 300 K. W. alternators and Marconi 
disc discharger. 

The necessary condenser capacity for all three transmitting sets is found in 768 large 
oil tank type condensers, which are SONUS SU arranged for uniform distribution of current 
to all connecting bus bars. 

The automatic sending and receiving apparatus plays an important part in the service 
between the Occident and the Orient. The sending machine consists of a Wheatstone auto- 
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PRIMARY 











SIDE VIEW 
OSCILLATION TRANSFORMER 


Fig. 316—Side View of 300 Kilowatt Oscillation Transformer. 


of capacity sufficient to keep the air fresh and to draw out the air, which is admitted by 
the high pressure blast used for quenching the spark. | 

One of the precautions taken to provide an uninterrupted service is to duplicate any and 
all pieces of apparatus which are at all likely to be disabled. Thus, two generators and two 
disc discharge-s are supplied for each station, and a ready means provided to connect either 
one to the bus and the oscillation transformer. 





PRIMARY. 
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306 PRACTICAL WIRELESS TELEGRAPHY. 


Both the Sayville and Tuckerton stations employ the umbrella type of aerial, erected on 
masts of great height. The Tuckerton tower, in fact, is 850 feet in height, Е the tower 
at Sayville is approximately 550 feet high, 
and, as is to be expected, the aerials sup- 

ported by these towers require a great deal 
3 space for erection. 

In initial experiments at Tuckerton, 
New Jersey; the Goldschmidt tone wheel 
was employed as a receiver, but of late a 
modified form of the oscillating vacuum 
valve has been in use, which gives increased 
strength of signals. The receiving appara- 
tus at Sayville is of the vacuum Tuc oscil- 
lating type, various circuits being used, 
generally the type favored by the particular 
electrician in charge. 


238. Long Distance Receiving 


Sets.— Various types of long dis- 
tance receivers have been developed by the 
Marconi’s Wireless Telegraph Company, 
Ltd., both for the reception of damped 
and undamped oscillations. The high power 
stations in the United States are fitted with 
balanced crystal or Fleming valve receivers, 
the local circuits of which are connected to 
3 or 4 microphonic amplifying relays, con- 
nected in cascade. By means of these a 
considerable amplification of the incoming 
signals is obtained, which, in fact, сап. 
frequently be heard with the receivers: 
lying on the table with the c Uu 
Fig. 322—Bank of High Voltage Transformers station 5,000 miles distant. 

at Pour Marconi trans-oceanic: receiving- stations. 

7 are also completely equipped with dictaphone: 
receivers which are arranged so that immediately one wax record is indented with 
signals, a second dictaphone receiver is automatically connected in the circuit, and so on. 
The use of these records permits traffic to be dispatched’ across the ocean at speeds up to 
/5 words per minute, which is afterwards transcribed on the typewriter by: the receiving: 
operator at speeds varying from 30 to 40 words per minute: Obviously this system, will- 
permit a greater amount of traffic to be handled between two stations and it: will, therefore, 
be employed when atmospheric electricity is not too severe. 


239. Condensed List of High Power Stations.—Some of the long distance 
transmitting stations of the Marconi Company, their locations, systems. and 
power are shown in the following table: | : > | 
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PART XVII. 


LOCATION OF TROUBLE—MAINTENANCE 


—REPAIRS 


240. IN GENERAL. 241. GENERAL PRECAUTIONS. 242. MAKE- 
SHIFT TESTING APPARATUS. 243. CHECKING UP THE 
TRANSMITTER. 244. Тне FAULTS OF THE TRANSMITTER. 
245. POSSIBLE FAULTS OF THE MoTOR®GENERATOR. 246. TROU- 
BLE IN THE RECEIVING APPARATUS. 247. IMPROVISED 
TRANSMITTERS AND RECEIVERS. 


240. In General.—Unless the student can apply in a practical way the fun- 
damentai knowledge of radio which he has gained іп the class-room, he is hardly 


. qualified to operate commercial wireless telegraph equipment. The ability to lo- 


cate troubles in radio apparatus as they arise constitutes one of the most im- 
portant essentials of a first-class operator’s qualifications. The author would not 
create the impression that the radio telegraphist may expect to encounter an 
inordinate amount of trouble when he takes charge of a ship’s wireless station, 
because modern wireless apparatus if properly cared for gives a minimum of 
trouble; but nevertheless, it. would be well to point out here those parts of a wire- 
less telegraph set which are most apt to be at fault in event of an unexpected 
breakdown. | ic 

What to do at the critical moment in event of emergency is the subject which concerns 
us most in this chapter. The ability to weed out troubles in electrical circuits and apparatus 
comes naturally to some, but with others it must be gained by careful study coupled with or 
followed by practical operation of the apparatus. "ES p 

Unlike the wire telegraph or wire telephone operator, the radio telegrapher is thrown. 


strictly on his own resources. There is no skilled engineering or maintenance staff at: 
hand, when at sea, to locate troubles ог to offer advice. Тһе operator is required 10 


exercise his own initiative, and the manner in which he handles a particular problem will 


disclose his knowledge of the art in general. | 


The student should -always bear in mind that he deals in radio telegraphy in the main, 
with high frequency, high voltage currents, hence many trouble-finding tests which would 
be perfectly proper for ordinary telegraph or telephone circuits would be entirely useless 
in radio. : cas 


We should take into consideration that wireless apparatus is subjected to conditions at | 
sea which are not met with in the factory, the laboratory, or the land station—such as 
moisture, vibration, salt spray, еіс., which tend to weaken the delicate parts or to destroy 
the insulation. Hence, one of the most important rules to obey is, KEEP THE AP- 
PARATUS DRY AND DO NOT ALLOW DIRT TO ACCUMULATE UPON IT. 


When a wireless operator searches for trouble in a radio set, we may say, in gen- 
eral, that he will look for one of three things: 3%: 


(1) А short-circuit. 
(2) Ап open circuit. 
(3) А leak ін insulation. 
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410. | PRACTICAL WIRELESS TELEGRAPHY 


Certain operators in the commercial radio service, in attempting to locate an open circuit 
in the windings of à receiving transformer, have committed the error of connecting a bell- 
buzzer and a battery in series with the coil, and have assumed, because the buzzer did not 
vibrate, that the circuit was.open. The fact is, that in this particular instance the resistance 
of the tuning coil would not permit sufficient current to pass to actuate the buzzer. In a 
case of this kind the telephone and the battery should be employed. | 

The simple testing apparatus just described is only applicable to the troubles of ordinary 
low-voltage circuits. Other methods for testing high-voltage radio-frequency circuits will 
be described in the order of their importance. The student should bear in mind that the 
text of this chapter will bear only on practical ways of testing apparatus when the ship is at 
sea, under conditions where an elaborate testing system is not available. 


_ 243. Checking up the Transmitter—Each ship's radio installation is 
furnished with а tuning chart showing the number of turns in use in the open and closed 
radio-frequency circuits and in the aerial tuning inductances. This data also includes the 
setting of the coupling for the best efficiency and any other special instructions which may 
pertain to the adjustment and operation of a particular installation. 

Suppose, upon entering the wireless cabin for the initial trip, the operator desires to test 
the apparatus, as he is expected to do, before.sailing. He first checks up the position of the 
clips on the oscillation transformer by the data given on the tuning chart, and assures him- 
self by careful inspection, that all circwits are complete. He then dons the receivers, places 
the aerial changeover switch in the “receiving” position, and then carefully adjusts the 
receiving detector to the maximum degree of sensitiveness by means of the test buzzer. 
Next, he carefully tunes the receiver to any station which may be in operation within range, 
and observes the nature of the traffic being dispatched to assure himself that any testing 
which he may do with his transmitter will not interfere with the operation of commercial 
or naval stations. г 

In certain ports, it will become necessary to request permission by radio from the nearest 
naval or commercial station before any testing whatsoever is carried out. Of course, in 
times of war, no such work will be allowed except by special permission from the Govern- 
ment authorities. 

Feeling assured that he will not interfere with the traffic of other stations, the operator 
starts the motor generator, places the aerial changeover switch in the transmitting position, 
presses the key, and notes the reading of the aerial ammeter. Suppose the aerial ammeter 
reads but 717 amperes when the normal reading, according to the tuning chart, should be 
14 amperes. If the wattmeter reads normal power, say 2 K. W., such as the Type P-4 
standard Marconi set, there is either leakage in the antenna circuit or there has been some 
error in placing the clips of the oscillation transformer or the aerial tuning inductance. The 
turns should again be carefully checked up and if there has been an error in the original 
setting, it should be at once corrected. 

This trouble may also be caused by an improperly working spark gap. For instance, 
some of the gaps in the quenched gap may be short-circuited, but, generally, this would be 
shown. by reduced reading of the wattmeter. In the case of the rotary gap, this may be 
the result of the lack of synchronous adjustment, which should be immediately attended to. 

It is noted in modern Marconi transmitting sets, that the tuning of the antenna circuit 
is often seriously affected by the presence of a nearby metallic structure, such as а metal 
dock building, another ship with an aerial nearby, or parallel derrick cables which may 
have been erected temporarily for hoisting purposes. If the reduction of aerial current in 
the foregoing example is due to one of the latter causes, normal antenna current will be: 
obtained when the vessel returns to sea. But it is hardly possible that a reduction of 
current as great as that above mentioned will be occasioned in this way. 


244. The Faults of the Transmitter.—Assume that spark fails to discharge: 
at the gap when the transmitting key is closed. Unless the apparatus has been actually 
injured by an accident, the operator should ask himself: 

(1) Is the alternator generating current? « 

(2) Is the generator field open? 

(3) Is the primary or the secondary winding of the high voltage transformer: 
open or on short circuit? | 

(4) Are the high potential condensers punctured? 

(5) Is there a leakage in the walls of the spark gap muffler? 7 


(a) Test for the Alternator.—lf the radio set contains а voltmeter and the meter itself 
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is obtained from it when the generator is in operation, it may be due to one of the following 
causes: | 
_ (1) An open circuit in the armature. 
(2) An open circuit in the field windings. 
(3) The field current may have been cut off. 


If the generator fields are fed with 110 volts D. C., whether or not the field current is 
*on" can be determined simply by placing a 110-volt incandescent lamp in shunt to the field 


terminals. If any doubt exists as to the continuity of the field circuit, a test can be made 


by placing a 110-volt lamp in series with the field coils, and if the filament does not glow 


it indicates that the circuit is open. If the circuit is continuous the lamp will glow dimly. 


a TE the voltage of the alternator under normal operating conditions is known, whether: 
or not the armature is generating current can be determined by placing an incandescent 


lamp (or perhaps a bank of lamps) in shunt to the brushes. For example, if the potential 
of the alternator is 380 volts on open circuit (such as the alternator furnished with the 
Marconi 2 К. W. 500 cycle transmitting set), then four 110-volt lamps should be connected 
in series and if the armature is generating current the lamps will.light to a fair degree of 
brilliancy. A bank of lamps connected in series makes a very practical voltmeter for 


`` (b) Test for the High Voltage Transformer—tIn the earlier radio systems а short- 
circuit due to a puncture between layers of the primary winding would be indicated by 
blowing the fuses between it and the generator when the transmitting key is closed; but in 
modern motor generators, a short-circuit would not be evidenced in this way owing to the 
high synchronous impedance of the armature circuit. In fact, in modern Marconi motor 
generator sets no fuses are inserted in the generator circuit. In, transformers of the 
former type the continuity of the primary winding can be determined by placing an ammeter 
и: f ; in series and if the normal current in- 
take is known, and an excessive reading 
is obtained, a partial or complete short- 
circuit is indicated, Тһе circuit for this 
test is shown in Fig. 326. 


The condition of the secondary coils 
may be determined by a flash test. The 
secondary terminals of the transformer, 

; КӘ ү Fig. 326, are separated by a space of say 

KEY TRANSFORMER тд of an inch, and normal current sup- 

Fig. 326—Showing Ном Defects in the Primary and plied to the primary winding. If a 
Secondary Windings of the Transformer May be Located. heavy flash 15 not secured at the gap 
3 when the transmitting key is closed, it 

is an indication that some of the secondary coils are short-circuited. Generally, the burned 
out section can be observed, by smoking which will take place at the short-circuited section. 
The injured secondary section should be removed and replaced by a spare which is furnished 
to all ships. | | 

(су Test for the High Voltage Condensers.—A punctured leyden jar can generally be 
located on sight upon closing the telegraph key, provided the remainder of the transmitting 
set functions properly. А flaming arc will take place between the coatings through the 
walls of the jar. A punctured plate in an oil plate glass condenser can be determined in 


the same way. x A 
(d) Leakage in the Muffler Box—Whether or not there is leakage over the walls of 


the muffler box can be determined by disconnecting the condenser discharge circuit from the 
spark gap and making another temporary discharge gap ‘outside the muffler. If a normal 
spark discharge is now obtained, but an intermittent or partial discharge when the circuit 


is re-connected to the spark gap proper, it is obvious that severe leakage exists. 


(e) Test for the Insulation of a Wireless Aerial—leakage across the insulators of a 
wireless telegraph aerial can be determined by the test shown in Fig. 327. The secondary 
winding of an induction coil or high voltage transformer is indicated at the spark сар 5-1, 
the antenna at A, and the earth connection at E. Assume when the discharge gap 5-1 is 
shortened to a fraction of an inch (say 1-16 of an inch) no spark.discharge is obtained 
upon closing the primary circuit of the coil; this is a positive indication that the antenna 
insulation is broken down. Тһе aerial should now be lowered, and the defective insulator 
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314 PRACTICAL WIRELESS TELEGRAPHY 


terminals of the field winding. If the lamp lights to partial or full brilliancy, the insulation 


of the armature or field circuits is broken down at some point. 


The circuit in which the ground exists can be determined by taking the brushes off the 
commutator and applying the foregoing test to the armature and feld coils separately. By 


disconnecting the wires joining the field 


poles, the test can be applied to each coil 


individually until the troublesome. one is 
found. | 

It is comparatively easy fo. an inex- 
perienced man to rewind a defective field 
coil, but replacing a burned-out armature 
coil requires the services of a skilled 
repairman. This is a painstaking job 
which requires careful workmanship. 

(b) Locating Troubles in the Arma- 
ture.—If the insulation between ап arma- 
ture. coil and the iron is supposedly at 
fault, and furthermore, another “ground” 
exists in some part of the motor generator 
circuit, a complete short-circuit will result. 
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Fig. 328—Locating *Grounds" in a Motor. 


The particular coil which is in contact with the iron can be located as shown in Fig. 329, 
The coil terminals are unsoldered from the commutator and the lamp test applied to each 


‘until the defective coil is located. 


An open circuit or short-circuit in a barticular armature coil can be traced down by the 
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Fig. 329—Showing How to Find a Grounded Armature 


Coil. 


will be obtained across each set of adjacent segments. 


110 VOLTS 





connections shown in Fig. 330. А volt- 
meter is applied to adjacent segments 
of the commutator as shown at the right 
of the armature. The brushes of the 
armature are placed in contact with the 
commutator aná a source of 110 volts 
D. C. connected through a regulating 
rheostat. (This precaution is particu- 
larly important, as otherwise excessive 
current will flow.) | 

If the armatüre is in perfect condi- 
tion, with this test, the current will 
divide equally between the two brushes 
and a practically equal drop of potential 


- 


. If one of the coils is ореп a reading of the voltmeter will be obtained across adjacent 
segments on one side but no reading will be had on the open side until the open coil is. 
bridged, when a much larger reading than between two segments on the opposite side will 


be secured. | 
_ А millhwvoltmeter is often required for 
this test, depending upon the resistance 


of the individual armature coils. 


If but one or two coils in а motor 
armature are short-circuited, the motor 
can be operated temporarily by placing a 
small wire jumper across the segments 
of the defective coil. "This will throw a 
heavier load on the remaining coils but 


the motor сап be at least operated for 


brief periods. А short-circuited motor 
armature coil will have to be removed 
and replaced by a new one, but this repair 
Should. only be undertaken by a skilled 
mechanic. 


ү BRUSHES 
жАс-. COMMUTATOR 


RHEOSTAT/ 





(o po VOLTMETER 
ПО VOLTS 


Fig. 330—Locating an Open Circuit or Short-Circuit 
in Armature Coils, 


The additional troubles which may be encountered are: 


(1) Sparking at the brushes. 
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ха) Locating an Open Circuit in the Primary or Secondary.—The diagram of Fig. 331 
shows how to locate an open circuit in the primary coils of a receiver. 


The binding posts, A, E, are assumed to be those connecting to the aerial and earth 
respectively. With the battery and head telephone connected as shown, the inductance 
changing switch is varied from point to 
point until the click in the receiver disap- 
pears when the telephone circuit is broken. 
The contact point on the switch where the 
circuit tests "open" is obviously the point 
at which the primary coil is broken. 
ти |2; А short-circuit is not apt to exist in 
З Em . . . DID 
О this winding, as generally, it is made up 
Bae ae ФО af a single layer. 

A similar test is applied to the second- 
агу winding but it is slightly more difficult 
to make connection with this winding be- 
cause the connections from either end of 
the coil are not attached to distinct bind- 
ing posts as the primary. Hence, spring 
contact clips as shown in the drawing can 
be fastened directly to the studs of the. 
secondary inductance changing switch. 

(b) Locating a Short-Circuit in the 
Variable Condenser.—The plates of а 
Fig. 3SL-dndicating a Test for an Open Circuit in a variable condenser may drop out ot line 

` - Receiving Tuner. and touch causing a complete short-circuit 

at certain positions on the scale. This 

; can be ascertained by connecting a 110- 

volt lamp in series with a source of current as in Fig. 332. If the plates touch, the lamp will 
light to brilliancy. A telephorfé and battery may be used in a similar manner. 


A similar test may be applied to the fixed or stopping condenser. 


(c) Testing the Head Telephone.—The cords of а receiving telephone may give trouble 
due to breakage of the conductor inside the insulation. The test for this is simply made. The 
telephones should be firmly attached to ` | 
the terminals of а dry cell and the cords 
Shaken violently. If a rasping sound is 
heard, a loose contact in the conductor 
is indicated. 


` An open circuit may exist in the 
bobbins of a receiver. No sound will 
therefore be heard’ when the receiver 
tips are attached to а dry cell. Whether 
or not the trouble is in the cords or in 
the bobbins can be found out by placing 
a jumper around the cord tips at the 
point where they enter the receiver cases. 
А second pair of telephones which are жы 
known to be in working condition are | | A 
now connected in series with a battery Fis. 332—Showing How to Locate a Short-Circuit in a 

s с z Variable Condenser. 

and the defective telephones. If a | 
"click" is obtained when the circuit is куле 
made and broken with the cords of the first telephone shunted by jumpers, and по. sound is 
obtained when the jumpers are removed, an open circuit exists in the receiver bobbins. 
The magnet will therefore require rewinding. | 


(d) Fading of Signals During Reception.—If the signals from a distant transmitter 
swing in and out periodically or irregularly, the trouble is likely due to leakage in either 
the transmitting or receiving aerials. | Ie 

The transmitter antenna, for example, may swing into contact with mast stays during 
the rolling of the ship and thus divert the antenna current to earth. The remedy for this 
difficulty is clearly beyond the control of the receiving onerator У з 


— 
„====, 
-—— 


^ 
obo or ann 
--ғ-----7. 


H 
Ц 
t 


(Ө)----------- 







г--еоаооч» 


rrr IIIS 


МО VOLTS 


TEST LAMP 
CONDENSER 


р В, Ее аза аи оа ЕЕ мест лала aue e t s И 
ит рэзлэзит әд рүпоцѕ [-y ҙе ројеотрш se зејоцисе әпм-зоц V ‘зрлоце i1ouiioJsueij-ojne 
оу) uisus әлем ләләјецл о} рәппҙ eq p[nous 3ә5 eui ‘(009 40 дер фсе) бәлем puepuejs 
Əy} JO әпо оў зуиполо ƏY} DUN} ој гшешол o2u?jonpur зпетонуйзит J| са рие y sdo 328305 
243 Aq зошеџозол jo?Xo ш рэ oq uto пәлтә Алерпоэәв рие Алецила ou] 'әЈде1әјә:а 

эле ссс ‘SLI jo suomnoosuuoo эч, 


"peure3qo sr оној БС 
“әзіпивпелт Аопобдлошу Tepeds—eee ‘SIT 1еәјә е pue әЗіецовір x1reds әш шолт 
=== пәлтір SI O1? од des Алезол 901: МА ing 


'SUOHv*[[DsO зоэрлэдии ш Supo.. “des 


V3AH0JSNYUL z913 


y OLNY 





|| əy} је peurejqo oq м Sune "Surpura 
Krepuooss əy} jo mdyo ҙиәліпо 293 

pue euusjue əy} јо Ayoeded [jews əy} 

ој SUIMO 'osneooq des Алејол e se jurod 

S] ЈЕ Пэм se uomnoun;i jou м des 

H zeds urejd y  'uonepnsur sry} &013ѕәр 





Кеш YOM ures әләләѕ % 0} PAP 
Note -qns эле џопоошоз $143 YIM sioje[nsur 
 W3SN31QNO5 *euuojue əy} әѕпедәд эзеол Алериоээ$ ` 
рээпрэл ye рәҙелә4о әд јѕпш yas oy}. фе 
эт UI S? pojoouuoo st зпјеледде Aduas 
-тәшә ƏY} J]  ‘Заэшозиелле ләциә 10] 


suonosuuoo Əy} моц усе рие Coo 581] 


'I933TUIsUPJ) [erro? штета е se 

рә^оташә “ә "т ene əy} чум sons ur po3osuuoo oq иео des хле@з эчт, (Z) 
«Зоо euuojue AY} C} утоло des уледа əy} шолу K31ouo лә} 

-SULI} 03 лошлојаџел-озпе пе ве posn oq ULI зоџејопрш Surium теләр aug, (т) 


ҮТТЕ АЛ 


:рәќојішә әд ued 
ззиэшезиелле үрцвәлеш OA -әлпоәтәр зошодод лэшлоу$иел} поцъеоѕо əy} jo SSUIPUIM 
Á1epuooss ло Алецила ay} јо UuoHne[nsur әц} Jey} әшиѕѕе “әулиеге a UA Зшиш8эя 


"98е 
рээпрэл зәло рошејшеш oq Ims ued uoneorunumuoo зпад ‘имор YLI Кеш I9AI9291 IO ләш 
~SueI} ләцуиә JO Sj1ed jo лодшти o[qeioprisuoo е yey} PE е 5131 'опјел 3sounn əy} јо олола 
Aew snyeiedde Зитлрозэл JO Surjjursuej; pastAoidu ue ‘sowy лем ur Ајтејпоплед Yas отрел 
е 03 иәррәов JO зшэлэ иј——85леолтодом pue SiojjnusueJ], pesraogduu] ‘луг 


'Pepouroo злец Кеш 19914991 [ejsÁK10 оцј по зшой 32e3uoo эчт, (01) 
“<әТеов Josuopuoo IYJ JO SUON 
-ISod итејло2 uo 42103 Кеш SIosuopuoo әтдетлел 992 JO JUO jo ваи euL (6) 
:3223002 
100 леш Аеш 5102 ÁQepuooos pue Алецила əy} uo spnjs yoyms әт, (8) 
sUCT}IOIIP SUOIM à 
eq; ur SUIMOY eq Аеш зиэллио [ed0] IY} ‘әѕп ur SI ләїїїдә1 [e3SÁIO е jT (2) 
“рәҙвпецхә oq Деш Áiojjeq [eoo[ sy, (9) 
:Uono»euuoo вә 2004 е oq Деш элэчт, (с) 
19331015813 әу} YPM 
ээиецо5эл UI әд JOU Кети 1эий3 993 јо $31910 Ayepuosas pue Алеииза ayy, (y) 
:jueunsnfpe әлтивиәв jo JNO eq Хеш 1032939p џођејтово eu ($) 
гломод рээпрэл ҙе Suneiedo oq Аеш ләуугшешеіҙ au], (2) 
:1933IUISUEI) 993 Jo әЗпел JO mo Kq1eou oq Хеш uonejs Зшлтәзәл IJL (1) 


: SUOS?9I 
Теләләв jo зпо oj әпр aq Хеш y Чите; Á[npun әле seuss əy} j[— 5]ou319 2402, (ә) 


“Кпшәзишлә}ш1 Jeaddesip 0} 5теш815 
Əy} әѕпеә Хеш spioo әпоцдәрә) Əy} ш üonooutio3 -әрәйдип uy 5]2и515 Jo цз8иол5 әш 
UI 59550] SnOLISS Аләл UOISeID0 рмом siy; ‘рэлэрроз Ајлодола uooq әлец jou Хеш цошА 
jo sjurof ay} 'uonvjs SurAT9291 Əy} Je $әлл\ .euuoju? ƏY} ш jsIX9 Хеш Sj2?ejUOO 2500] 


‘stoyonpuos Адлеэи 19430 10 SÁ*js s drys əy} 
цим БОШ озш ums Хеш цощм үетләе ләлтәдәз ƏY} ur рипој eq osje Деш eSexeo[ au, 


ГАСУ | SHTANOUL AO NOILVDOT 














318 PRACTICAL WIRELESS TELEGRAPHY 


Ап induction coil fed with a direct current storage battery can be connected as in Fig. 
334. In this case the rotary spark gap would not be required. Тһе induction coil would 
give а clearer spark note than a rotary gap because its current output is considerably less 

than that of a high voltage alternating cur- 
rent transformer, 


А temporary receiving apparatus can be 
AERIAL TUNING devised as in Fig. 149, wherein a crystal 
4^ МОУСТАМСЕ | rectifier D is connected in series with the. 
antenna A and the aerial tuning inductance 
L-l. 'The head telephones P are shunted 
around the crystal. А receiver connected in 
this way will give fair results but the 
strength of signals will not equal that which 
can be obtained by the connections of Fig. 
151, where a simple tuning coil A, B, i 
connected in series with the antenna circuit 
and employed as an auto-transformer. Тһе 
contact clips C and A permit the primary 





TRANSFORMER 


= and secondary circuits to be tuned to reso- 

Fig. 334— Special Plain Aerial Emergency Transmit- nance and to the incoming wave and there- 

ter for Use With Alternating Current fore increased strength of signals will r_- 
Transformers 


‘sult. If adjustment to longer waves than 
that afforded by the coil A, В, is necessary, another coil can be connected in series with the 
antenna circuit to increase ns wave-length. 


|. Temporary substitutes can be arranged for both the generator and motor field rheostats. 
Two or three or perhaps more sixteen-candlepower lamps can be connected in parallel and 
then in series with the field coils. Тһе amount of field current can be 1 by turning 
on and off a number of lamps. In fact, а rheostat made up of a pair of metallic plates 
immersed in a wooden bucket filled with salt water can be employed fór this purpose, but it 
would not prove as satisfactory as the lamp bank resistances. 


A temporary motor starter can also be made of two metallic plates immersed in a wooden 
bucket filled with salt water. Тһе plates should first be separated to the maximum distance 
and then the main D. C. line switch closed. As the motor increases its speed the plates can 
gradually be moved towards each other until, finally, they are placed in actual contact. Full 
voltage is then supplied to the motor armature. 


As a final word of advice, the author cautions the radio operator in event of accident ог 
emergency, to think carefully, proceed cautiously, and keep thoroughly in mind the funda- 
mental circuits of the transmitter. If he will model his actions. in accordance with the 
fundamental knowledge which he has obtained of radio telegraphy by careful study. of this 

volume, his success is assured, 
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С | 


Values of К corresponding to z 


C 


Where C? — the capacity in microfarads of the short wave condenser 
. And С1== the capacity ої the wireless telegraph aerial 


1 


C/C: | TE C/C: -. | K 
4.0 1.7137 90 ! 2.0671 
3.8 1.7200 | ‚80 2.1111 
3.6 1.7294 70 E _ 2.1614 
ЗА 14373 |. 60. 11722179 
3.2 е 1.7467 | .50 eet - 2.2933 
3.0 1.7577 „45 2.3247 
2.8 | 1.7687 40. 2 | 2.3719 
2.6 1.7812 | 435 | 2.4347 
2.4 1.7969 .30 | . 2.4975 
252. 1.8142 25 _ 2.5604 
2.0 1.8378 522.20 | 2.6546 
1.8 1.8661 . 15 2.7489 
1.6 1.8928 10 2.8588 
1.4 1.9242 5 05 3.0002 
1.2 % 1.9682 00 · 3.1416. 
1.0 _ 2.0294 

SECTION D. 
INDUCTIVITY VALUES FOR DIFFERENT DIELECTRICS. 
Dielectric. | | c . c Inductivity Value, “К” 

Flint Glass, Double Extra Dense ..... Du PU HEU DM 4222. о 00 

Flint Glass, Very Dense .............. VU не VEIT о 7.40 

Plint Glass, light 22........ does АРН eR E AM ELE 6.85 

Еа Verysrbightie о ЕЕ dee EDEN CE 6.57 

ао га O оно ЗЕ Е 4.80 

Quartz "T е n OR OY OU De eee 4.50 

Roncelaina ка Кок St LL Pet pura se pss А erat MCN amd 4.38 

Mica Sheet, pure eue ig ue А. Аы А Qr MT NU Ro Nate ЕЕ 4.00 to 8.00 

Glass, Common (Radio- а ч бы е a и TES ae 4.21 

Glass, Common (Low Frequency) MURUS NU а ЗАН ық, EU T TE 22574094500 

Sperm, Oil... Е M T RI. rm MET 2.022%1073:00 

Olive апа Neats-Foot Ob Е ML MEE a S uM И Se Ree EET 3.00 to 3.16 

Shellac ор И и: В ЕЕ DUE E oen. em 2./4 % 3.60 

Сина Регсһа 2222222 МОН DS 2 ЭБ а Ыы сы, АА. ‚+246 0420 

СШ рли ЕЕЕ т о ари КИЕУ Уш ta нај ИЕ Ош TO ME 224 to 3.84 

India Rubber, puc ur NM ста, IA ST A ое E е, ipud m 2:22 6 to 2.497 

Turpentine ......... t E UN E c NEUE ash. а Ни Pe RAV TI EM ..215 +0:2.43 

ОРИ D ЕЕ. NEUES 235420557 {Од lo 

Реле lxvi eere Л... у Ийик eins s На NE ОО вто 2.42 

Resin ы... ANLE о РЯ их. а ce e MAS б у о, 0.2555 

Pparaftined- Baper o.e ен ТО АНИ ы. ДК Re Lo c pie MM D ЖС 3.65 

iPataftife Мах o Ж азал дыш бук Е XE е сн КЫ wan EE е #19936" to: 2,32 

RECS WAKE: ое Net ое ar o MEHR Е ; 1.86 

Paraffine, Clear ;......... em hM vob XU cip REDE а 1:68. 10.232 

Celluloid- ie ыт Е о c с RET TE 4 1.555 

Manila: Paper | ак EE DECR а qd Ne S ecc 1.50 
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If we take 1,000,000 out from under the radical, 
| 300,000,000 
А == 2т xX VE CS 2т 50300 VLC 
1,000,000 


If L be expressed in centimeters and 1 microhenry — 1,000 centimeters, then we must 
с“үіде L by 1,000, hence, 


—— 


Lc 


A —2т x 300 X 3 ——— 
1,000 


Taking out 1,000 under the radical (and since V 1,000 — 31.62) 





6.2832 X 300. 
A= X VLG 
31.62 
or À = 59.6 УТС 
SECTION Е. 


2. NIN 
it Habe 


The following series of questions bear directly and indirectly on the text of this volume, 
and are considered as a representative set for training students to become wireless operators. 
They were intended primarily to guide the instructor in outlining a complete instruction 
course, but will be valuable to the elementary student of radio as well. 


PART I. 
| Magnetism. 


Ques. (1) Describe a permanent magnet. 
Ques. (2) Name the metals subject to magnetic influence. 
Ques. (3) Show by diagram the resultant magnetic field between two north poles in proximity. 


Ques. (4) Draw a diagram showing the resultant magnetic field between a north and south pole. 


Ques. (5) What is meant by the earth's magnetism? 


Ques. (6) Where is the north magnetic pole located? 
Ques. (7) What is the behavior of soft iron and hard steel under the influence of a magnetizing 


force? 
Ques. (8) Can all bodies be magnetized? 
Ques. (9) What is said to be the direction of the lines of force in a magnet? 


PART II. 
Elementary Electricity and Simple Circuits. 


Ques. (1) What is meant by a “positive” and a "negative" charge of electricity? 
Ques. (2) Explain the application of the term ‘‘electromotive force" to an electrical circuit? 
Ques. (3) Name four methods by which an electromotive force can be generated. 
Ques. (4) Explain briefly the actions taking place within an ordinary chemical electrical cell. 


Ques. (5) Show by diagram a seties connection of electrical cells. 
Ques. (6) Show by diagram a parallel connection of electrical cells; a series parallel connection 


Ques. (7) Define the term resistance as applied to an electrical circuit. 

Ques. (8) What is meant by an open circuit; a short circuit; a closed circuit? 

Ques. (9) What is the unit for current pressure; current strength; resistance. 

Ques. (10). Explain Ohm's law and apply it to ап electrical circuit; work out a simple problem 


Ques. (11) How is the power of a direct current measured? 
Ques. (12) Work out a simple problem showing the joint resistance of three resistances of different 


values connected. in parallel. 
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Ques. (10) What is the inductance in centimeters of the average ship's aerial? 

Ques. (11) Can an aerial which has a natural wave length of 600 meters be operated at the 
wave length of 300 meters?  - ~ 

Ques. (12) What is the effect of increasing the number of wires of an antenna? 

Ques. (13) How may an aerial be adjusted to radiate a sharp wave? 

Ques. (14) How would you adjust an- acus the natural wave length of which was 525 meters, 
to radiate a wave of 300 meters? 


PART. IX. 
Receiving Apparatus. 


s 
Ques. (1) Draw a fundamental circuit diagram of an inductively coupled receiving transformer? 
Ques. (2) Draw a diagram of the direct coupled receiving transformer. 

Ques. (3) Show by diagram the circuit best suited to the carborundum detector. 

Ques. (4) Draw a wiring diagram of a tuner suitable for the Marconi magnetic detector. 

Ques. (5) Draw a diagram showing the construction of the Marconi magnetic detector, and explain 
its operation. : iE | | 

Ques. (6) Draw a circuit diagram of the tuning circuits for the Fleming valve detector; also 
for the Marconi multiple tuner. DOE 

Ques. (7) Show by diagram and explain fully how a telephone receiver operates. 

Ques. (8) What is the use of a potentiometer in a receiving set? 

Ques. (9) How would you adjust a receiving tuner for “broad” tuning? 

Ques. (10) How would you adjust a receiving tuner for "sharp" tuning? 

Ques. (11) Show by diagram how you would locate an open circuit in the coils of a receiving 
tuner. ‘Fe 

Ques. (12) Show by diagram how you would locate a short circuit in a variable condenser. 

Ques. (13) What is the use of the variable condenser in shunt to the secondary winding of a 

‘receiving transformer? 3 
Ques. (14) What is the function of the fixed condenser in a receiving set? 

Ques. (15) How would you adjust a garborundum detector to its maximum degree of sensitive- 
ness? | ; 

‘Ques. (16) Explain a buzzer tester and how it operates. 

‘Ques. (17) How could a receiving set be calibrated with a wavemeter? 

Ques. (18) Explain the use of an aerial changeover switch. % 

Ques. (19) How do you protect the receiving apparatus from lightning discharges? _ 

Ques. (20) Describe a variable condenser and its effect on the various circuits of a receiving set. 

Ques. (21) What is the function of a crystalline detector in receiving signals? 

Ques. (22) Why are high resistance telephones used in receiving sets? 

Ques. (23) How do you protect a crystalline. detector from the local transmitter? 

Ques. (24) Why should the coupling be reduced, when receiving, to the point where the signals 


are just readable? 
Ques. (25) Show how the primary and secondary circuits. of a receiving tuner аге adjusted to 


resonance? 
Ques. (26) Show how the coupling may be decreased with a conductively coupled receiving set? 


Ques. (27) Show by diagram the simplest possible apparatus for the reception of signals? 


PART Rise эзге зо 
Emergency Apparatus and Auxiliary Transmitters. 


Ques. (1) Draw a fundamental diagram of the Marconi ten-inch coil auxiliary set. 

Ques. (2) . Draw a circuit diagram showing the charge and discharge circuits of a 60 cell storage 
battery of the type employed in connection with the 2 K. W. 500 cycle motor generator. 

Ques. (3) When would you make use of the auxiliary transmitter? 

Ques. (4) What is the maximum distance which an auxiliary set must pe capable of transmitting 
according to the United States regulations? 2 

Ques. (5) Draw a complete circuit diagram of the Electric Storage Battery Company's charging 
panel. 


PART XI. pen 


Practical Radio Measurements. 
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330 PRACTICAL WIRELESS TELEGRAPHY 


The plain open spark gap without artificial means of cooling requires very careful 
adjustment and reduction of coupling to give proper operation, that is freedom from 
double wave emission. Unless the spark voltage is carefully adjusted the tendency 
toward arcing is difficult to control and the action tends to be irregular. Тһе use of 
special cooling means, such as a series of gaps or an air blast enables good quenching to 


be obtained with sufficient regularity to give a clear spark tone. | 


Тһе improved forms of spark gap, such as the rotary and so-called “quenched gap” 


ие multiple plate gap) have the advantage of giving good quenching with a tighter 


coupling and hence a smaller number of oscillations in the primary circuit. This, of 
course, means higher efficiency and greater antenna current for a given input because 
less energy is lost in heat in the primary circuit. МЕ: 

With equal perfection of apparatus there is little to choose between these gaps so far 
as tightness of coupling without failure to quench is concerned, as is evidenced by the 
recent Marconi sets which are provided with both forms of gap. 

If either of these gaps gets into bad condition, or becomes overheated, double waves 
will be radiated, showing that the spark has ceased to be extinguished after the energy 
has been transferred to the antenna. This can only be remedied by restoring the gap 
to normal condition or loosening the coupling. If the gap is in particularly bad condi- 
tion, loosening the coupling will not prove effective. 

Proper adjustment of the spark gap is very difficult to obtain unless the power supply 
circuit is properly designed. It may be said that no form of spark gap will quench reli- 
ably if the source of current supply is effectively short circuited by the spark. The 


power circuit must have sufficient inductance or resistance so that the voltage applied to 


the condenser will fall when the spark passes, otherwise arcing will be produced, quench- 
ing will not take place and a complex wave emission will result. = 


SECTION Н 


| RECEIVING TRANSFORMERS. 


According to the grade of service for which it is employed, the receiving oscillation 
transformer may have either a secondary coil with a fixed number of turns, without a shunted 
condenser; a secondary having a variable number of turns, without a shunted condenser; or 
either type of secondary with a shunted variable condenser. Іп practically all types of 
transformers, variable coupling between the primary and secondary is provided. 

Тһе most efficient secondary circuit is probably the simple non-variable coil, minus a 
shunt variable condenser, provided the coil is so constructed, that, with detector, stopping 
condenser and telephones connected, it's natural period of oscillation is that of the signal 


being received. 

Such a circuit has often been called an untuned circuit, meaning that it does not possess a 
frequency varying condenser or inductance. By some this has been assumed to mean a non- 
oscillatory circuit and the high resistance of the detector has been stated to be the reason 
for so calling it. The error of this view has often been pointed out and Kolster has shown 
(proceedings Institute Radio Engineers, Vol. 1, page 25) that such a circuit gives a perfectly 
normal resonance curve of fairly small decrement and hence is oscillatory and resonant to a 


particular frequency. 

If resonance curves of such a circuit be taken, it will be found that the behavior of 
the circuit varies with the coupling and with the setting of the detector. For a given 
adjustment of the crystal, the shape of the resonance curve, and the location of the maximum 
point will vary with the coupling. The curve is broader for close coupling. iy 

If resonance curves be taken for a fixed loose coupling, but with a number of different 
crystal settings, it will be found that the highest points in the curves do not coincide, but 
occur at different wave lengths for different crystal adjustments and that the curves will 
also differ in shape, some being sharp and others broad. | s | 
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Other Books by the Same Author 
HOW TO CONDUCT A RADIO CLUB 


New Edition—Revised and Enlarged 


Completely revised and enlarged, this useful volume is once more presented to 
the great and growing field of radio students. It is a complete guide for the forma- 
tion of a radio club or class, and an excellent manual for experimenter’s shop 
work. It also contains a wealth of information that is indispensable to the radio 





student in commercial, navy, or army work. 


Tutors in army and navy schools 
and commercial radiotelegraphic 
schools will find .in this volume in- 
struction of an advanced character in 
the design of certain parts of radio- 
telegraphic equipment. 

The opening chapters review the 
amateur situation, showing what is ex- 
pected of the amateur operator, and 
the requirements of a first-class ama- 
teur station. Another. chapter is de- 
voted to instruction in the telegraphic 
code, showing how to wire up a code 
practice table for the production of 
artificial radio telegraphic signals for 
one or more students at а time. Vari- 
ous modifications of. buzzer practice 
systems are described. 

The text matter rapidly leads into 
more advanced experiments, complete 
data being given, for instance, for the 
construction of a wavemeter, and in- 
structions for its use. under all condi- 
tions. This includes tuning, the meas- 
urement of inductance capacity of a 
wireless telegraph aerial, and general 
methods of calibration. The measure- 
ment of the logarithmic decrement is 
treated in a way easily understood by 
the beginner. ‘The design and work- 
ing drawings for several types of low 
power transmitters are included, cover- 
ing the construction of a quenched 
spark gap and apparatus associated 
therewith. Mac 


The receiving apparatus and detec- 
tors of wireless telegraphy are treated 
at length, practically every type of de- 
tector in use being described, togtther 


‘with the circuits best suited for the 
operation of each. 


The two-electrode and three-elec- 


trode vacuum valves are described and 


every known circuit for their use is 
shown. This includes complete cas- 
cade amplification circuits, regenera- 
tive and beat receivers, heterodyne re- 
ceivers, etc. i | 
Long distance receiving apparatus 
for the reception of long waves which 
will permit the recording of signals 
over 6,000 miles are shown by diagram 
and by a complete set of dimensions. 


The experimenter is shown how to 
construct a receiving tuner for any 
range of wave lengths; how to design 
a receiving tuner specifically for the 
reception of Arlington time signals; 
how to make use of the balancing- 
out aerial for the elimination of inter- 
ference; one chapter is devoted,to the 
construction of variometers in various 
forms. 


Тһе amateur is told how to construct 
a simpie wireless telephone by use of a 
battery of vacuum valve oscillators. 
Numerous experiments are described, 
showing how to get the best out of a 
given transmitter and receiver. 2 


This book will be found to be а first-rate reference work for students. and 
amateurs. It presents the latest developments in the wireless art up to and in- 


cluding the latter half of the year 1917. 


8vo, 614x914. 134 Illustrations. Price 50c net. 
With One Year’s Subscription to the Wireless Age $2.00 





HOW TO PASS U. S. GOVERNMENT WIRELESS LICENSE EXAMINATIONS 


Fifth Edition Largely Revised and Extended 


CONTENTS—Explanation of Electrical Sym- 
bols—Definitions of Electrical Terms—Part I. 
Transmitting Apparatus—Part II, Motor Gen- 
erators—Part III. Storage Batteries and the 
Auxiliary Set—Part IV. Antenna or Aerials— 
Part V. Receiving Apparatus—Part VI. Radio 


149 Questions and Answers. 


Laws and Regulations—Part VII, General In- 

formation Concerning Operator's License Ex- 

aminations—Practical Equations for Radio 

eee oe нца лода for Ordinary Power 
ork. 


PRICE 50c net. 


With one year’s subscription to THE WIRELESS AGE, 92.00. 


WIRELESS PRESS, Inc, 25 Elm Street, New York, N.Y. | 
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Wireless Literature 


MILITARY SIGNAL CORPS MANUAL 


By Major J. Andrew White 


Chief Signal Officer of the American Guard, Member Institute of 
Radio Engineers, Acting President National Wireless Association 


This manual, the first of its kind and the only complete work on the broad 
subject of army signaling, is indispensable to those responding to the call to the 
colors. Primarily prepared for Signal Corps men, it is a necessity for the proper 
understanding of apparatus and the tactical employment of troops and equipment. 

Officers of infantry and artillery will find the volume of great utility, a proper 
conception of the enormously enlarged Service of Information being indispensable 
to all commissioned men. | 

Its contents include administration and government of military units— 
tactics of the division on the march, at rest and in engagement—function and 
operations of the Signal Corps and its relation to the line of the army—drill 
instruction, mounted and dismounted, for telegraph companies, radio and oütpost 


companies, and battalions of Signal Corps—signaling by telegraph, heliograph, 


night lantern and flags, radio and service buzzer—camp and field telephones and 
their uses—radio apparatus of the Signal Corps—scouting, patrolling and tactical 
employment of field lines. 

Prepared with the full co-operation and approval of the Chief Signal Officer, U. S. Army. 


CONTENTS 
Part I.—Organization 
The Signal Corps, An Auxiliary Branch of the Army. Тһе Signal Corps' 
Relation to the Line of the Army. Aircraft. Government and Administration. 
Military Courtesy. Personnel Proficiency Test for Companies of Signal Troops. 


‚ Part II.—Drill Instruction 


General Principles. Definitions. Commands and Signals. School of the 
Soldier. Physical Training. · School of the Squad. „Instruction with Arms. The 
Company Dismounted. The Soldier Mounted. Elementary Collective Instruction 
Mounted. Field Signal Troops. The Wire Company. ‘The Radio Company. The 
Outpost Company. The Field Battalion. Telegraph Signal Troops. The Tele- 
graph Company. Тһе Telegraph Battalion. Base Line Signal Troops. Depot 
Signal Troops. Ceremonies. Reviews. Inspections. Funeral Escort. The 
standard. The Guidon. Manual of the Saber. 

Part III.—Technical Instruction and Apparatus 


Telegraphy and Telephony. The Voltaic Cell, Ohm’s Law, and Primary and 
Secondary Batteries. The Camp Telephone and the Buzzer, Induction Telegraph 
Set. Radio-telegraphy. Radio Apparatus of the Signal Corps. Visual Signaling 
Equipment. Flag Kits. The Heliograph. The Acetylene Lantern. Technical 
Equipment of Personnel. | 
Part IV.—Transmission ES EM - 

Transmission of Military Information. General Instructions for Army Sig-. | 
naling. The American Morse Code. The International Morse or General Service 
Code. Instruction in Garrison. Visual Stations. Telegraphy. Visual Sien2l.- 
in General. Signaling by Flag, Torch and Lantern, or Beam or © шеті» 
(without Shutter). Signaling with Heliograph, Flash Lantern, row | 
(with Shutter). The Ardois System. Signaling by Two-Arm бе ^ | 


naling by Hand Flags. General Instructions for Locating and Cy ) / 
Stations. Letter Codes. Telegraph Code Books and Ciphers. Сесе AM 


| 


Preconcerted Signals with Rockets, Bombs, Small Arms and Guns, x N 
by Permanent Hoist. Emergency Signals. Conventional Telephony 0 MM 


° Part V.—Field Service : Ц ћу 
1 | 
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Signal Тгоорв in the Field. Reconnaissance, Patrolli 
tary Map Reading. Signal Troops in Field Service 
Company Guard Mounting. The signal Corps and С” 
Defense Information in War, 


Cloth. ; 988 pages. 260 illustr- - 
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